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Foreword

This report describes the specification, design, and testing a digital flight
control system (DFCS) software that has been prepared under an FAA-sponsored
program entitled "Methods for the Verification and Validation of Digital N
Flight Control Systems," as Subtask 4.5.2.1 of Contract NAS2-11853, Air
Modification 1. The intent has been to conduct an N-version programming
demonstration illustrative of DFCS software fault tolerance for a quadruplex
architecture. Accordingly, four independently developed versions of
applications software were coded and demonstrated in respective DFCS
channels.

Considerable background information is presented, largely of a system or
software design nature. First, higher level software encompassing the N-
version software is described, including a multitasking test harness and the
foreground executive programs for the four DFCS channels. Coded in Ada R ,

the interfaces for this software were set up for the insertion of the N-
version applications modules and the associated software voters. These
applications modules were then developed in accord with the respective DFCS
program unit specifications.

This report has also been published as Lockheed-Georgia Company Engineering
Report LG86ER0163.

R Registered Trademark, U.S. Government Ada Joint Program Office
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1.0 I. TRODUCTION

A set of software program unit specifications was generated via the process IL

depicted in Figure 1 for use in an exploratory investigation of software
fault tolerance using the N-version programming approach. The resultantly
developed software is representative of a scaled-down flight control system
(see Section 2.0) with a critical pitch-axis fly-by-wire (FBW) function.
Accordingly, a double fail-operational, quadruplex system architecture was
postulated to furnish requisite system reliability. Each of the four DFCS
channels, moreover, incorporated a different version of applications software
as independently developed by a different programmer.

The overall DFCS software structure, or the multirate executive program and
its called procedure interfaces, however, was essentially the same in each
channel per Section 4.0. Each DFCS executive contains calls to N-version A
program units, which in turn usually include calls to voters for cross- •
checking the intermediate computations of all the channels. Central to the
N-version demonstration, these program units were developed using the Ada
programming language in accordance with a set of applications software module
specifications, which are presented in Sections 5.0 through 13.0.

Each of the program units was constructed so that it could be run in a single
channel test harness on a stand-alone basis for unit testing and de-bugging,
or as part of the total program for integrated 4-version testing. The latter
entails the voting of the four versions of the DFCS software running
effectively in parallel on a single VAX 8650 for the N-version software
demonstration and evaluation. Hence, a non-realime multitasking test
executive program with suitable integral test drivers was devised (see
Section 14.0) to enable convenient software integration and valid N-version
evaluation testing.

Figure 2 summarizes the organization of the multitasking test harness, where .A
Ada tasks are denoted by the parallelogram shaped boxes. Task TEST EXEC
performs or directs all of the automated test functions, such as input test
data application and results processing. The software for each of the four S
DFCS channels runs within an associated DFCS EXEC task, which are coordinated
such that synchronization occurs at each software voting plane. If a channel
output is outside of permissible limits, it is assigned the voter selected
value so that the erroneous state is not propagated. Note that the DFCS EXEC
tasks replace the top-level flight software, which is not germane to the
problem at hand, so that the four DFCS channels can run logically in
parallel.

1.1 Software Fault Tolerance ..',

Concern over the potential for generic or common-mode software faults in
critical systems has prompted rather widespread interest within the aerospace ,.
industry in software fault tolerance. While the enabling technology appears
to be in place, it remains to demonstrate and assess all aspects of fault-
tolerant software for critical DFCS applications. Various attributes of DFCS
software, moreover, present some challenging demands. Temporal constraints,
such as difference equation iteration rates or maximum fault
detection/recovery times, are of particular concern. •
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The two primary approaches to fault tolerance, N-version software and
recovery blocks (Ref. 1), are depicted in Figure 3. Both involve dissimilar
versions of software performing the same function(s). In the case of N-
version software, the versions must be developed independently. They run %I
logically in parallel, and the version outputs are submitted to a
voter/comparator for selection of the proper result. Recovery block :%

alternates run logically in a sequence, which needs to be invoked only to the
extent that alternate versions fail their acceptance test. Normall,, some
level of degradation in performance is accepted with among successive
Alternates to ensure continuing operation.

Of these two approaches, N-version holds strong appeal for most types of DFCS
software. The aforementioned time constraints are a dominant factor in such a
preference. Hence, the DFCS application program modules under this
investigation, were implemented using the N-version method . As suggested in
Figure 3, the voter/comparator is a potential single point of failure in the
N-version approach. As a consequence, dissimilar voters are sometimes used
to obviate this prospect, but the compounding of complexity is appreciable,
so only single voters were used in this investigation

As with all software fault tolerance development efforts, strong emphasis was
placed on establishing definitive, high quality software specifications
(e.g., see Ref.2). Completeness, accuracy, and lack of ambiguity are in
general essential to the realization of fault-tolerant software, so the
prospects for demonstrating and evaluating N-version software are cluciallv
dependent on the software specifications. For example, aspects such as
maximum time allowances for voted code segments, as well as specific modes
and responses for voting, must be completely and precisely stipulated.

Despite all initial efforts, some deficiencies existed in the specifications.
Their rectification was rather time-consuming, but the variety of questions
raised by different programmers did force corrections to the specifications
that might otherwise might not have been so thorough. Simlarly, software de-
bugging was facilitated by thc the N-version approach Overall, software
fault tolerance has some drawbacks, inherent or potential, as summarized in
Figure 4. Still, the net benefits appear worth pursuing.

1.2 Demonstration Guidelines

The DFCS demonstration software was coded using DEC's Ada compiler for the
VAX VMS operating system at the Lockheed-Georgia Company. The DFCS software
and the descriptions in this memorandum are intended to be essentialiv in
accord with DO-178A, i.e., the documentation is to be illustrati%,e of

%compliance without necessarily being exhaustive. Configuration control,
error logging, and delineation of software development phases are to be
observed in an orderly manner that supports and enhances the value of the
results of the investigation.

The following assumptions were adopted at the outset to expedite but in no
way compromise, the conduct of the investigation:

o No Flight Control Computer Operating System
o No Bus Management Software Functions
o No Hardware-Related Instructions

4I
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o Limited Pitch Axis Functions Only
o No Fixed Point Arithmentic, and Hence No Variable Scaling.

p
After program unit testing and de-bugging, several stages of testing were
conducted: integration and demonstration testing. Due to specification
discrepancies detected during coding, the specification parts of this
document were revised before consistency among versions was established.
Most of these discrepancies were incompletely or incorrectly specified logic.

1.3 Ada Programming Language

There are strong indications that the Ada programming language (Ref. 3) will .'
experience widespread usage in civil aviation in the near term. This would
be based primarily on the merits of the language itself, rather than on the
U.S. Department of Defense's influence. Despite its drawbacks, the Ada
programming language has no viable competition now for use in digital flight
system applications. Of course, the language is still developmental with .
regard to support of flightworthy computers, but the associated problems
should be correctable with adequate funding from military programs. Two
particularly significant problems associated with Ada are the overhead of
tasking and machine language code insertions. Neither factor was applicable
to the problem addressed here. Tasking was used for simulation purposes, but
not for DFCS software per se. *

Here the use of Ada facilitated the conduct of the N-version software
demonstration by enabling explicit definition of program units specification
parts, precise definition of their software interfaces, the construction of
the multitasking test harness, and non-interference observation of test
results through Ada package importation by test units.

Specification benefits naturally derive from the two-part composition of Ada
program units, which involve a specification part and a corresponding body
nart. The intent here is to use Ada packages and procedure specification
parts to define the fault-tolerant software modules. Each specification part
defines a particular interface and its available services, and is refective -.

of and consistent with the overall design of the program. Hence, this
document includes Ada specification parts as the precise, lower-level
portions of the respective module specifications. The N-version programmers
used them to implement the DFCS functions and services in the associated body
parts in the form of executable Ada code.

Although the imposition of a well-defined program design tends to eliminate
many types of software faults, those that might remain would seem likely to
be more restricted to those types that are detectable by the N-version
software voters. This would obviously be desirable from both experimental
and architectural standpoints. Note that the Ada specification parts are
only one component of the module specifications; English text and analytical
diagrams, for example, were used as well. Follow-on activities will
investigate the use of comments expressed in the Anna (annotated Ada)
specification langauge. Logic specification checks for completeness and test
case generation will also be pursued.

7



* ~1.4 Anna S~ecification Langiuage a,

In general, formal specification has been identified as the key to
rationalizing the software development process (Ref. 4). In the case of 6
fault-tolerant software, moreover, formal specification would seem necessary
to eliminate a class of faults that cannot be tolerated, namely software
faults originating in specifications. By definition, such faults lie outside
the safeguards of software fault tolerance, which it is charged with ensuring S
specification conformity during operation, under the assumption that the
specification is correct. Thisproperty can be affirmed to some extent by the
verifiability inherent in formal specifications.N

The Anna (annotated Ada) specification language (Ref. 5) appears to be a
significant advance in specification technology for practical systems.
Despite its as yet developmental status, Anna is considered mature and
promising enough to merit a limited trial application. This seems feasible
because: Anna statements are of the form of actual Ada comments, so they are
ignored by an Ada compiler; in many cases they resemble Ada source code, so
they are comparatively readable; and above all Anna specifications need not
be complete, so they can be used to the extent desired for any particular

program unit.

Although the processing of Anna statements normally involves associated, but
currently unavailable, support software for automated consistency checks, the
addition of semantic definition -to Ada specifications alone is expected to
yield more than ample return for the effort expended. In particular. Anna
holds promise of providing the high quality specifications that are so are
vital to fault-tolerant software.

0, ~ Eventually, it should be possible to obtain the Anna support software, and it%
would doubtlessly prove informative to evaluate its static consistency%
checking as well as to apply its dynamic run-time checks during simulation%
testing. Exceptions raised by the run-time checks might well prove useful in
the conduct or analysis of testing. From a fault avoidance standpoint, both
of these types of checks should improve software quality in general. and from
a fault tolerance standpoint, the dynamic checks might serve as acceptance
tests in recovery block mechanizations.

S8
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2.0 SYSTEM DESIGN

As a framework and context for the software program unit specifications, a p
DFCS design was systematically developed that illustrates the precision and
accountability appropriate for critical functions. Here only certain pitch-

axis functions were levied as requirements in order to suitably bound the
scope of the software development effort. Accordingly, the following system
functions were included:

o Augmented Fly-by-Wire (AFBW) for a Negative Static Margin Transport -

double fail-operational redundancy

o Autoland (Glideslope and Flare Modes) single fail-operational
redundancy

o Vertical Navigation and Altitude Hold (Growth Provisions Only) fail- I
passive.

Inclusion of growth provisions was based on a potential interfacing with a "
navigation estimation algorithm that Battelle developed under this same
contractual task to explore recovery block software fault tolerance.

S

2.1 System Description

The above requirements, especially the AFBW function, would typically result
in a quadruplex system architecture as depicted in Figure 5. The redundancy
levels and interconnections shown are representative of current industry
practice, based on the safety and reliability requirements associated with
the above DFCS functions. Four parallel MIL-STD-1553B multiplex (MUX) buses
are assumed for system interconnection, and the computer cross-channel buses
are asynchronous broadcast buses like ARINC 429.

Top-level system logic requirements in terms of MIL-F-9490D Operational
States (Ref. 6) are summarized in Figure 6. This logic, which reflects I
system safety based on the interaction between redundancy margins and
airplane flying qualities status, is most appropriate for an AFBW function. .

This system state logic, whose definition is expanded and applied in
subsequent sections on fault and annunciator logic, was ultimatelv be
implemented in N-version software modules.

The system-level signal flow for a single channel, which is typical of all
channels except for the routing of dual or triplex signals, is given in
Figure 7. Distribution of these signals is clarified in Figure i or in the
software interface definitions. The individual system-level signals are

characterized in Figure 8.

Each flight computer is postulated to be identical, with an input/output I

processor (lOP) for transferring and formatting external signals and a
central processor unit (CPU) for flight software computation. As depicted in -

Figure 9, the two processors operate autonomously and share two sections of
memory. Only the IOP can write the memory addresses assigned to input
variables, and the CPU can only read them. Similarly, only the CPU can write

the output addresses, and the lOP can only read them. The input data re- I
fresh rate is assumed to be high enough such that associated data skew or
phase lag are not serious concerns.

9
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IDENdTIFIER DEFINITION SIGNIFCAN4CE

OPEHATIONAL.STAT..1 System O~erational State I Full CdPabiiity
OPEHATIONAL..STATha " II Limited
OPERAIONAL-STAE-.3 * III Marailna
OPEMATIONAL-STATC..4 IV or V Unsafe

NURMAL-.FLYING..OLTY Normal Flying Qualities Level 1
OEGR~ADED..VI4ING..QLTY Degraded 3

MARGINAL..FLYING.QLTY Marginal " " 3
INFLYABLE Untlyable "Less tnan Level

DGUBLL-.FAIL-G.P Doualt Fail operational 4 Indep. iPatlS
SINGLE..FAIL..UP Single *3 p

FAIL..UNSAFE Fail Unsafe 2
DEPLETED, Inadequajte Resources 0 or 1

OPE.RATIUMAL-.STATE.1 a DOUdLE~d<AlL..OP 6 NURMAL..FLYING..ULTY

OVERATIUNAL-STATE.2 a DOuBLE-.FAIL..OP * DLGkADEDF*LYlNG..wLTY
SINGLE-.FAIL..OP 0C NOIRMAL-.FLYING..OLTY + DEGADED-.FLYING.ULTY

OPERATIOAL.5?ATE-.3 zMARGINAL-.FLIING.OLTY *not UNSAFE
FAIL-.UNSAFE not UNFLYABLE

OPERATIQNAL STATE.4 a DEPLETEDL + UNFLYABLE

DOUbLE-.FAIL..P x MIN..3-.SLRVOS-E.NGAGED S CUmPUTERS..VALID
STICKS-.VALID 9 AOA..PAIRS-.VALID

SINGLE.FAIL..OP x MIN..2-SLRVOS-.ENGAGED w MN-.3-.COMPUTERS.iAL p
NUM..4A-.ST1CXS-.VAL 9 MIN-J-.AUA-.PRS-.VAL
( not MIN..3_.SRVOS..ENiAGLO + not COMPUTLHS..VALIU +

rnot STICKS-.VALIDI # not AOA..PAIRS-.VALIO

FAIL-.UNSAFE 1-.SRVO-.kNGAGED +XCT..2-.CUMPUTEkS..VAL

NOM_.2A__.STICK&..VAL + ACT-.2.AUA..PRS..VAL

UNSAFE aMAX..1..COMPUTEH..VAL * i4AX.jA..US..vAL + AX_2A_Sr1CK5_V.AL+
MAX-..AOA.PR..VAL

PJOMMAL-FLIN.ULTY a PIN..2.PRGYMOS-.VAL *MIN-2AUA.PRS..AL

DEGIRAOCO..VLYINC..LTY aMAXIPRY10..VAL CMIN..2.AUA..PHS.VAL

MARGINAL-FI~NG..QLTY MIN-2.PRGYROS-VAL ZAO..AOA-.PR..VAL

uNrLYASLL = MAXI.-PRYROVAL + ZRO..AOA.PR_.VAL

Figure 6 -Top-Level System Logic
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Pilot's Stick Validity No.1 Boolean I a> Valid v-4rK-.VAL(i)
Pilot's SticK Validity NO.J 3 ,...T:VALC21)
pilot's Stick Validity N0.3 j~TVL3
Pjlot's Stck VaLlditytNO.4 *P-aTK-AL(4) '

Copilot's Stic Validity No.1 *CP 57"VAL , )
Copilot's St~ck validity No.2 : . .S'VAL 2
Copilot's Stick Validity N0.3 *CP zT%(VAL13)
Copilot's StICK Validity NO.4 1 P.r.VL4)
Left Angl:-oi:Attack Validity No.1 *L...CA-.VALI ;
Left Angie-of-Attack Validity No.2 L LAOl:VAL(11
Left Angle-of-Attack Validity 10.3 *L.AO VAL J)
Lett Angle-of-Attack Validity No.4 *.ADA..vAL(4)
R t Ahqae-o-A t tack Validity N0.1 HIk.AOA..VALkl
Rt Argf-Cf-AttSCK Validity NO.2 14 NA0A:1:L,2)
kt Anle-of-Attack Validity NO.3 K..AOA.V L 3~
At Angle-Ot-Attack Validity NO.4 3K-.CAVAL(4)

Figure 8 -System-Level Signal Summary (1 of 2)
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Pitc Rae Gyo Vlidiy N.1 oolen I=I vlidP-HAE.VL~F

Pitch Rate Gyro Validity No.1 ol3 ai P..jATE.VAL 3)

Normal ACCelorometer Validity No.i * ACCEL .VALLI)
Normal Accelerometer Validity No.2 *NACCL&:L.VAL 2)
Normal Accelorometer Validity NO.] N-.ACCEL..VAL(32
True Airspeed Validity No.IA 1 Aj..VAL(I)
True Airspeed Validity No.18 TA, ...VAL(2)
True Airspeed Validity NO.2A TAb .AL ( 3
True Airspeed Validity No.28 * ?Ai VAL(4)
Radio Altimeter Validity NO. IA * KAZ.ALT..VAL(i)
Radio Altimeter Validity No. 18 mA A(.ALT .VALd2)
Radio Altimeter Validity No. 2A *NALJ..ALT..VAL C3 )
Radio Altimeter Validity No, 21 x* m~ALT..AL(4)
Glideslope Validity NO.IA V G.LA.AL'i ,
GlideSlope Validity No.18 GS ..LA 4_.VAL 2) -
Glldesiope Validity No.2A *GS..8EAM..VAL(3)

Glideslope Validity No.28 GS-.8e.AM..iAL(4)

Autopilot Selection A 4. 1 Enumerated 5 modes NO~jE.SLL
Au3toland Category A 1. 8 *3 categrories
Autopilot Engaqement A 5 modeS/3 categories ANNUN-V1, ANuN..2
Autopilot Engagement B *ANNUM..VI: ANNU...4
AUtOland Progress A 6 states* AN'4UMNV1, ANNU .. V2
Autoland Progress 8 *ANNUNV3,: ANNU::V4
Flying Ousitities Level A 3 levels A mU V1 AN UN..V2
flying Qualtities Level b ANNUN .V3. AhNiU.V4
AUtoland Status A N- tae .AN 1.Akh.V2
Autoland Status B A *AN.JAMNV4
Fly-by-wire Status A * AXNN:Vi"mA(.V2
fly-oy-wire Status 5 w AKN-V3,Axh-.V4
Fling Qual1its Status A *2 States MARN-VI,AN-V2
Flying Qualities Status k * .AV3.w1,ANMV4
Master Warning A I s tates5 10LAS5 . 14.V 7,

k LA5II.WAN..42
Master warning 5 f LA~n..sA~hNVj,

kLASM-iAN-.V % 1
AcknoVledge warning boolean I X), Acknowledge ACKNWOLLOGE
Servo Engage Status No.1 Record 3 components FV-
Servo Engage Status No.2 S*(U
Servo ngage Status No.3 * .. Vu J
Servo Engage Status No.4 S EotVO-4

Servo Command No.1 Float -11,.*2 deg STAN..SLRVC-C4D..V

Servo Command No.2 S TAB..SL4vO.CMD v2

Servo Command No.3 4 TA8..SLRVU.C"D..VJ
Servo Command No.4 . STA8..SERVO..CMO.V4

Figure 8 -System-Level Signal Summary (2 of 2)
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Figure 10 lists all of the DFCS computer cross-channel signals and summarizes
their salient characteristics. Note that some logic input signals require a
dedicated discrete input for a practical design, e.g., to provide
responsiveness in the real-time coordination of resources. As far as the
flight software is concerned, all Input, output, or cross-channel signals
could be made available as local data objects. However, for test
observability or software voting, the level of visibility of these objects
was raised. Figure 11 shows the interaction between the IOP/CPU shared

memory and the input signal that must be accomplished by the flight software.
The latter is specified in Sections 8.0 and 10.0 as part of the N-version
test article.

I,.-
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IDNIT YPE RANGE lDLNI1I1LN ,.i

Lett Angle-of-Attack No.2 LEKT.AOA(2)

Left Angle-at-Attack Mo.4 *LEYT-.AOA(4)

Ri~ght Angle-of-Attack No.1 RlIGHT-AALA(1
Right Angle-of-Attack No.2 RI(.HT-.AGA(2)
R4ignt Angle-ot-AttaCK No.3 *RIGH~T.AUA(i)

Right Angle-of-Attack No.4 kIGHT..AGA(4)

Channel Status No.1 Boolean I X> valid CHNL-STATUS-.Vi
Channel Status No.2 *CHNL-S.TATub-..V2

Chafnel Status No.3 pPCHNL_4.TATUS_.Vj %6
Channel Status No.4 CiINL_.STATU5_.V4 1

NOTE: All sensor Inputs and their validity signals are cross-bused ay the
1/0 Processor. The logic signals are the result of sottware computation. A

---------------------------------------------------------------------------------

4. Fd

Figure 10 -Computer Cross-Channel Signal Summary
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7.i

3.0 SOFTWARE DESIGN

Two aspects of software design were considered: the actual DFCS flight

software for the four computational channels; and the test executive to

-e manage N-version software execution and assessment on a single VAX 8650 host

machine. This section develops the DFCS software design, while the test

executive and the overall demonstration software organization are presented

in Section 14.0.

For the test article, note that the lower-level DFCS software in each channel

runs under an autonomous Ada task, DFCS x EXEC, in Figure 2. Here "x"

denotes the DFCS channel number. All four of these tasks are active,

although perhaps blocked, throughout testing. The DFCS xEXEC tasks serve to

enable the non-real-time testing of parallel channels in a sequential, yet

acceptable, manner involving coordinated task blocking at the cross-check

points. The basic point, however, is that the same DFCS software can run in

either parallel DFCS processors or a single test computer in effectively the

samne way.

The overall organization of each DFCS cnannel's flight software is depicted

in Figure 12. Note that the two top-level procedures are not included in the

DFCS test article, but partial contents of the top-level DFCS packages,

CHANNELRESOURCES and SYSTEMRESOURCES, are still used in the test set-up.

The associated Ada source code listings are given in Figure 13, Parts a and b.

3.1 DFCS Software Design

The overall design of the software was intended to closely follow the prior

design of a quadruplex DFCS that was implemented and demonstrated on the
RDFCS (Reconfigurable DFCS) Simulator Facility at NASA Ames under the same

contract as this task (Ref. 7). It is expected that the similarities will

serve to strengthen the tutorial value of the contract reports by viewing

essentially the same system from different perspectives.

The top-level DFCS software design is the same for each channel. With

reference to Figure 12, the main program in each channel, RUN DFCS_:IAI x. is

taken to be an austere operating system that establishes a given channel's

readiness for operation upon start-up or following a temporary disruption.

Normally then, the second-level procedure, RUN DFCSEXECx. directs ongoing
system management during normal operation, e.g., major frame channel

synchronization. In a complete flight software load module, it also calls

Procedure RUN_FOREGROUNDx, which is included in the the N-version test

article.

Figure 14 illustrates the looping, multirate structure of RUNFOREGROUND_x,

which in the test set-up is called by Task DFCS xEXEC of the test harness

(which replaces Procedure RUN DFCS EXEC x for demonstration purposes). After

each top-to-bottom traversal of the flow diagram, control is re-assumed bv

DFCS_x EXEC for a simulated elapsed time of 50 millisecond per computational

cycle as defined in Figure 15). When appropriate, Procedure RUNFOREGROUND_x

is called again and the next one of the four path traversals is effected.

Note in Figure 14 that the N-version cross-check points are shown following

each of the affected applications procedures; at such points, the four

19
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Figure 13a - Top-Level DFCS Package Listing

Package CHANNEL RESOURCES
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Figure 13b -Top-Level DFCS Package Listing "
Package SYSTEM-RESOURCES
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-.

channels must synchronize, exchange data, and vote before executing to the
next applications module. C

I

3.2 DFCS Applications Software

For years the authors have used a software design strategy that is based on
control state decomposition (see Ref. 8), and this sufficed for the
development of FAA's quadruplex DFCS at NASA Ames. The implementation
language used there (AED), however, did not permit the extensive protection
of data objects that Ada fosters through packages and strong typing. Hence,
the the concern for minimization of the data objects' namespace ov.er the
total program could not be addressed systematically until the present
implementation in Ada. The intent, of course, is to alleviate the
vulnerability of data objects to inadvertant changes through reducing their
respective scopes in the DFCS software.

To accomplish this, a data flow decomposition strategy (Ref. 9) has been
introduced at the applications software level. Figure 16 depicts the
intermediate step for this design stage. System and cross-channel input
signals are introduced to a single channel on the left, and output signals
emerge on the right of Figure 16. In between new data objects are identified
that are internal to the DFCS applications software, along with their flow
relative to the applications procedures in Figure 14. Finally, the three
intermediate-level Ada packages of Figure 12 are shown, information -

additional to that normally contained in data flow diagrams.

This data flow representation was actually used to group associated data
objects and procedures within these Ada packages and to determine the levels
at which each data object is to be declared in the Ada-based design. The

lower the levels are in general, the less is the namespace over most of the
program execution. This type information is indicated to a certain extent
statically in the call/usage graph presented in Figure 17 Definition of the
actual Ada package specification parts is then initiated from information in
these representations.

Note that Figure 17 portrays appreciable complexi-.-y arnd dispersed
dependencies in the overall DFCS/test program. This complexit; is due to
software fault tolerance and to the composition of the test harness. Perhaps
the biggest contributing factor is the non-interference require:rent imposed
on the test harness. Section 14.0 further describes the mechanization and
rationale.

The associated Ada source code listings for the packages shown in FigZures In
are presented in Figure 18: (a) Package DFCS LOG:,: b Package
DFCSRESOURCES; (c) Package CONTROL_LAWS" (d) Package NVERSIONVOTERS: and
(e) Package VOTING_ PLANES. These package specifications, which capture much
of the DFCS applications software design in non-executable Ada code, are
referenced by the Ada N-version procedures pursuant to the namespace
reduction strategy.

All but Packages N VERSION VOTER and VOTING PL-ANES are referenced bv
Procedure RUNFOREGROUNDx, as indicated in Figures 12 and 17. The affected
applications procedures reference Package VOTINGPLANES, which effects cross- -.

channel synchronization and calls the voter procedure contained in Package
N_VERSIONVOTER. The voting requirements are summmarized in Figure 19,
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* . - pI ., . -. . e%

paNg COTOLLWSi

Prcdr Ueirain
..... .... ..... ....

proceure ALC-UTOLND--

Procedur CONTHOL...LAWS is

Procedure CALCP.XNNEMPLOUPP.V4 I

pro..... re........INR.OP.V

tpoee ICAC.mMANDLND IsnwFOTrne-..I.

type STAB..COMMAN) is new FLOAT range -11.O.-2.0

tiolect teclarations

AUTOLAND.CMD.VI , AUTOLAND.CMD..V2, AuTOLAND-..0-.V3,
AUTOLAD.CD-.V4 hP1TCN..:CMMANL

STAb-S.ERVO..CMD..V1. STAS..SLRVO.CMaDV2, STAB..SEAVO.CmU-4i ,
STAB-.SEW4VO.PCmO.V4 ~ ~ ~ .CMA

end CDNTRdUL..LAS;

PaCKage oody CUNTROL-utA.WS is

procedure CALC..AUTOLANOP.VI Is separate
Procedure CALC-ANER.40P-VI13i separate

Procedure CALC..AUTOLAtO.V2 is separate
Procedure CALCP.INNER.LCOP..4Z Is separate

Procedure CALC-.AUTOLAN0..3 3 isSeparate
Procedure CALC-P.NNER..LOOP.VJ is separate

Procedure CALC..AUT06ANO..V4 Is separate
Procedure CALC..XNNLR..LOOP.V4 is separate

end COP4TIUL..LANS

Figure 18a -DFCS Applications Package Listing
Package CONTROLLAWS
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Package DFCS LOGIC (1 of 4)
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Figure 18b -DFCS Applications Package Listing
Package DFCSLOGIC (4 of 4)
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Figure 18c - DFCS Applications Package Listing
* Package DFCSRESOURCES (3 of 3)
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Figure 18e -DFCS Applications Package Listing
Package VOTING-PLANES
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AClK PT PRUOaURE VUTL) 5IGNALAS) TYtS ATCm

I 3LkCT-X01L.x 40OD-ENG-WX Record of tnumerated oc

2 (IVE.STATUS..Vx ANNUN-VI Record of Enlumerated

3 MANAGE-AL-ENSCftL.Vx AL..REDVx Record of FiodtsTb

4 CALC..AUTULANO..Vx AUTOLANU.CMi.Vx Float TbD

AL..CPAP.Vx Le0do oiet etr xact
ALHASL.YR Enumerated ~c

5 MANAGL..IL..SUSORS-Yx IL..MED..x Record Of FlOdtS Tbuj
IL.COPP-Vx Record ot booleati Vectors txact

6 CALC-INEH.LOOP..Vx STAS-SEHYGVQ.CmO..Vx Float Tl

7 AS5SES...5YSTEM-.Vx FLY-GUiAL..Vx Lnumerated Lxact

Fbh'.STATU5.Vx

0 GIjVE..NAFNLNG-x WARN-.Vx Record of Lnumeraea

FLASH..aARRNG.Vx tnumerated

Figure 19 -N-Version Voting Requirements]

with CONTMOL..LAwS I Use CUNTROL..LAwS
with DFCS..LUGIC ;use DFCS..aOUIC;
with DFCS..PCSOURCES Iuse DFCS-.RESOURCLS

separate (SYSTEM-.NESUUNCES)
Procedure RUN...?ORLGROUND..1 Is

begin

case PATH-1. is
when 0 => null~

A5SESS_.CHANNFL-.V1
If PATH-1 = I tnen

GIVL-S.TATUN-.Vi
end it ;
MANACC..AL..SLNSORS-.Vl

CA LC..AU'OLA NO..V I
when 2 14 2>

ASSLSS-S.YSTLM-.Vl

edi GIV...SAHNING-.VI
endn cat

end RUN..ruREGNUUND.I

Figure 20 -Procedure RUN -FOREGROUND -_I Listing 16
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4.0 MULTIRATE EXECUTIVE DESCRIPTION

The control structure of Procedure RUN FOREGROUND x was presented in a

multirate flow graph form in Figure 14, and the intent has been to implement

it and its called procedures such that the applications software might run

intact in either a (hypothetical) target flight computer or a host computer

test harness. The foreground executive procedure was implemented for each of

the four DFCS channels, and incorporated into the test harness (see Section

14.0). The Ada source code listing for RUNFOREGROUND_1 is given in Figure

20.

With the exception of channel/version number designations, the software for

RUN FOREGROUND_1 is the same as for each of the other channels. In the names 2..

of program units such as RUN FOREGROUND_1, note that the suffix "I" by itself .

denotes pre-existing Channel 1 software, whereas "Vl" designates later-to-be-

developed Version I software. Of course, all Version 1 software is used in

Channel 1.

The listing in Figure 20 is mainly the executable code that calls the N-

version control function applications procedures. The location of N-version

cross-check points do not appear in the listing, as Figure 11 might suggest,
because voter calls take place at a lower level in the program structure.

This is done primarily because the same synchronization process is used b-
all voted procedures. Also, it facilitates changes to procedure outputs for

fault correction purposes, which is more easily handled if the affected

procedure has not been exited. The associated mechanization, moreover, seems

to afford some reductions of the namespace.

Only one version of N-version voting is employed because multiple voting

implementations would significantly and needlessly complicate the
investigation. Also, voting of the foreground executive itself is avoided as

an unwarranted addition of complexity. Besides, the limited scope and logic-

oriented nature of DFCS executives render them amenaole to formal
verification. Hence, the need for software fault tolerance on this level may

conceivably be alleviated. Such issues may possibly be addressed under NASA

Langley auspices (see Ref. 10).

Timing intervals for the N-version code segments were stipulated in Figure

15, with a total of 50 milliseconds alloted for each top-down path traversal

in Figure 14. Associated 20 Hertz hardware timer interrupts are in general

assumed to be satisfied in all channels for most N-version testing purposes.

but code segment timeouts at cross-check points are to be explored per

Section 14.0.

3.
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5.0 SELECT MODE PROCEDURE SPECIFICATION

The operational mode(s) of each channel shall be determined based on

identical externally applied logic signals to each channel and on internally
generated ones reflecting the availability conditions of the AFBW (augmented

fly-by-wire) function and the autoland sensors. The internal logic shall

confirm that the selected mode(s) is(are) engagable. The resultant mode

selection(s) shall then be furnished for activation of the corresponding
control functions and for indication of mode engagement to the autopilot

controller.

5.1 Autopilot Modes

Autopilot mode engagement shall be determined by the externally applied

logic signal MODESEL, which is available to all channels. The order of
precedence of mode engagement in ascending order shall be: Basic, Altitude
Hold, Vertical Navigation, Autoland, and Off. Due to external logic

interlocks, when MODESEL.AUTOPILOT is set at Autoland, MODE SEL.AUTOLAND
will never be set at off. The output MODE_ENG Vx.AUTOPILOT reflects the

input selection in all but the Autoland Mode which shall be conditionally

engageable.

5.2 Autoland Mode

The autoland selection, MODE ENG Vx.AUTOLAND, shall be determined by the
internal logic signals, ALCOMPVx and FBWSTATUS_Vx, according to the
following logic conditions:

Off -- > Autoland Not Selected OR No Category Engagable.

Category I -- > Autoland Selected
AND ((Category 1 Selected

AND Minimum of 1 Each Autoland Sensorsl

OR (Category 2 or 3 Selected

AND rExactly I Sensor for at Least One Type of Sensor

AND At Least I of Other Tvpes of Sensors

OR Operational State Less than 2':)

Category 2 -- > Autoland Selected

AND ((Category 2 Selected
AND Minimum of 2 Each Autoland Sensors

AND Minimum Operational State 24

OR (Category 3 Selected
AND [at Least I Autoland Sensor Fault
AND Minimum of 2 Each Autoland Sensors

AND Minimum of Operational State 2

OR Operational State of 2))). N
Category 3A -- > Autoland Selected "ee

AND Category 3 Selected

AND All Autoland Sensors

AND Operational State 1.
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5.2.1 Autoland Category Reversion

If failures occur during a higher category autoland, the autoland engagement

shall revert to the next lower category whose engage logic is satisfied.

5.2.2 Autoland Select Warning

If Category 2 or 3 Autoland is selected, but cannot be engaged, tis
situation shall be reflected in the logic signal AL_ .ARN_';:x. If Categot% 3
is selected, but not engagable, AL _'WARN Vx shall he set to CA7 3 IXOP f
Category 2 is selected, but not engageable, "'XA .'< sta 3. set to
CAT 2 INOP. In all other cases, AL WARN Ux shall be s - to CFF

5.3 Maximum Allowable Computational Time

The maximum allowable sub-frame time for this computation shall be 2

milliseconds.

5.4 Input/Output

IINPUTS I

ALCOMPVx AL SENSOR STATUS

type ALSENSORSTATUS is

record

GS BEA1M_VAL QUAD_VALIDITY

N ACCEL VAL TRIAD VALIDITY
RADALT-VAL QUAD-VALIDITY

end record

FBWSTATUSVx PRIFCSSTATUS

tyrpe PRI FCSSTATUS is (OPSTATE_4, OPSTATE 3. OPSTATE 2.

OPSTATE_1)

MODE SEL AFCSSELECTION

type AFCS_SELECTION. is

record

AUTOPILOT * AP SELECTION

AUTOLAND . ALCATEGORY
end record

type AP SELECTION is (ALT HOLD, AUTOLAND, BASIC, VERT NAV. OPF'

type AL CATEGORY is (CATI, CAT_2, CAT_3A, OFF )
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OUTPUTS I

ALWARNVx ALSTATUS

type ALSTATUS is (CAT_ 3 INOP, CAT_2 INOP, BLANK)

MODE ENG Vx AFCS SELECTION

P'ft



Ada Procedure SELECT MODE Vx ADA %J.

with VOTING PLANES : use VOTING PlANES

separate(DFCSLOGIC)

procedure SELECT MODE Vx is

-- Local Declarations (if any)

-- Place Static Variables in Programmer-Defined Package's

-- Using the mode selection,'enablement inputs as defined in Sec-ion"

-- 5.4 (as declared in Package DFCS _LOGIC) determine the resultant
-- output signals- mode engagement (MODEENG Vx) and autoland .4arninz
-- (ALWARNVx) per the English text specification requirements.

begin - Procedure SELECTMODE_''x

- Add Demonstration Software Here

CHNL x XCHK NU -1:
XCHKSYNCHx Call for N-Version '.'o-e

end SELECT MODE Vx

%'%
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6.0 ASSESS CHANNEL PROCEDURE SPECIFICATION

Once a channel is initialized and Procedure RUNFOREGROUND x is running, the

fault logic states of channel components shall be monitored to ascertain the
continued proper status of the channel, independent of the conditions of the
other channels. Normally then, a channel will be activated and its
servoactuator engaged before this procedure can be called. Once Procedure
RUN_FOREGROUNDx is operating, this procedure oversees channel fault and

recovery events until the maximum recoveries below are exceeded.

6.1 Channel Validity Logic

Channel x's status, CHNL STATUSVx, shall be determined via an examination

of the associated servo status, SERVOx, and the computer channel states,

CMPTR x.

6.1.1 Servo Validity

Since SERVO x is of Type Record, the various servo validities shall be
examined. All must evaluate True under the limitations described below for
the associated servo to be considered in acceptable condition.

6.1.2 Computer Validity

Similarly, CMPTR-x is a Record Type, so its elements must all e-aluate True

under the limitations prescribed below for acceptability.

6.2 Logic State Chanze

The state of CHNLSTATUSVx will have been set True prior to the initial
calling of this procedure during any given execution. Having initiallv been
set True, prescribed time delays, or iteration counts, shall be observed n
declaring the channel validity False. Under certain conditions. a chann-e.
validity shall be restored if a faulted item remains healed s'tfficiertrv

long.

6.2.1 Time Delays

The following delays shall he applied to tht respe,'-ie :ozai stot. n
independent basis. Specificallv, there shall be -.o terna" :
of constituent validity states, so non-offendin: 1 aitv -,'1 , Se

monitored while CHNL STATUS Vx is False for other rpasons HNLSTAT\'S x
shall be set False if any of the input variables ,-'.e2 bello are Failse .,r
the indicated number of times in a row:

CPUCHKOK I count

_IOPROCOK I count

MUXBUS-OK 3 counts

N,5
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ACTUATOR ON 3 counts
LVDT VALID 4 counts
POWERAVAIL I count

6.2.2 Channel Recovery Delays

A channel shall recover and operate in the foreground applications rode up to
a specified number of times if all appropriate indications of channcl
recovery and acceptability are satisfied. Basically, recov.,ery indications
are particular durations of acceptable validity states following an
associated validity trip:

CPU_CHK_OK maximum of 5 recoveries, each following a
or 10-count duration of validity after a declared

IOPROCOK logic trip.

MUX BUS OK maximum of 6 recoveries, each following a 50-
count duration of validity after a declared
logic trip.

ACTUATOR ON maximum of 2 recoveries, each following a
or 50-count duration of validity after a declared

LVDT VALID logic trip.

POWERAVAIL no limit or delay on recoveries in software

6.3 Maximum Allowable Computation Time

The maximum allowable sub-frame time for this computation shall be 2
milliseconds.

o4
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6.4 Inrout/Output
4

[INPUTS

CMPTR x CMPTRCHANNELSTATUS

type CMPTRCHANNEL-STATUS is
record

CPUCHLOK BOOLEAN
10_PROCOK BOOLEAN
{fUXBUSOK BOOLEAN

end record;

SERVO-x SERVOSTATUS

type SERVO STATUS is
record

ACTUATORON BOOLEAN
LVDTVALID BOOLEAN
POWERAVAIL BOOLEAN

end record

1OUTPUTS.1

CHNLSTATUS Vx BOOLEAN
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Procedure ASSESS CHANNEL Vx

with CHANNEL RESOURCES ; use CHANNELRESOURCES

separate(DFCS LOGIC)

procedure ASSESS CHANNEL Vx is

-- Local Declarations (if any)

-- Place Static Variables in User-Defined Package(s)

-- Using the comp,,ter >hannel status and servo status data as
-- defined in Pa,, ,ve CHANNELRESOURCES, determine the overall
-- channel status, CHNLSTATUS_Vx, per the English text part of the

-- specification requirements.

begin -- Procedure ASSESS CHANNEL Vx

null;

-- Add Demonstration Software Here

-- No N-Version Vote Taken Because Status is Unique to each Channel

end ASSESSCHANNELVx;
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7.0 GIVE STATUS PROCEDURE SPECIFICATION

Mode annunciator outputs shall be generated based on internal logic

computations. The outputs for pilot display shall include autopilot
engage/select status, autoland progress, and stability augmentation

performance. Each computer channel will generate an output, and the N-

version voter will resolve contradictions.

7.1 Annunciator Display Outputs

Four functional state outputs shall be generated as ANNUNVx per the record

type ANNUN STATUS.

7.1.1 Automatic Flight Control System Status

The autopilot engage status shall be derived from the input MODE ENG VX,
with the following rules for the output ANNUN Vx.AFCSSTATUS:

MODEENGVx.AUTOPILOT - OFF -- > AFCSDISENGAGED

MODE ENG Vx.AUTOPILOT - ALT HOLD + BASIC + VERT NAV

-- > AUTOPILOTENGAGED

MODEENGVx.AUTOPILOT - AUTOLAND -- > AUTOLAND ENGAGED

7.1.2 Autopilot Mode Engagement

The autopilot mode, ANNUN Vx.AUTOPILOTMODE, shall be set equal to the
selected autopilot mode, MODEENGVx.AUTOPILOT, since they are both of Type

APSELECTION.

7.1.3 Autoland Progress

If MODEENG Vx.AUTOPILOT - AUTOLAND, the autoland progress display
ANNUN _Vx.ALPROGDISP, a ix5 Boolean vector, shall reflect the input state
and input sequence furnished by ALPHASEVx. Progress shall be indicated by

setting corresponding output vector elements to True Except for
AUTOLAND INOP, this Boolean vector has a one-to-one correspondence with the

valaes of the enumerated type ALPROGRESS : AlUTOL.D_AP.!ED .,

GLIDESLOPETRACK, DECISIONALTITUDE, ALERTALTITUDE, FLARE. Normal autoland

progress is noted by stepping through these phases in the above order with

the following externally controlled exceptions:

o Category I progress proceeds only through DECISION-ALTITUDE

o Category 2 skips ALERT ALTITUDE

o Category 3A skips DECISION ALTITUDE.
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The output ANNUNVx.ALPROG_DISP should reflect the progression observed by
indicating the cumulative phases. Thus, once ALPHASE Vx is set to
AUTOLANDARMED, it and the succeeding phases shall all be recorded in p
ANNUN Vx.AL PROGDISP, until MODE ENG Vx.AUTOPILOT is no longer in AUTOLAND.
If ALPHASEVx - AUTOLAND INOP'or if MODE ENG Vx AUTOPILOT = Not AUTOL.AN "D,
all components of ANNUNVx.ALPROGDISP shall be set to False

7.1.4 Augmented Flying Qualities

The augmented flying qualities, as defined by FLY OUAL 'x. shall be
displayed as output by ANNUNVx.FLYQLTY exactly as furnished at the program
unit input.

7.2 Update Conditions o
.

Annunciator display updates shall be immediate, with a logic calculation
iterations at a 20 Hz rate.

7.3 Maximum Allowable Time

The maximum allowable sub-frame for this computation shall be 2
milliseconds.

7.4 Input/Output

JINPUTS "

ALPHASEVx ALPROGRESS

type AL PROGRESS is (AUTOLAND ARMED, GLIDESLOPE TRACK,
DECISIONALTITUDE, ALERTALTITUDE, FLARE, AUTOLND _IOP,

FLYQUALVx FLYING_QUALITIES

type FLYINGQUALITIES is (UNFLYABLE, MARGINAL, DEGRADED, NOR2&..L .

MODEENGVx AFCSSELECTION

type AFCSSELECTION is
record

AUTOPILOT APSELECTION'

AUTOLAND ALCATEGORY
end record

type AP SELECTION is (ALT HOLD, AUTOLAND, BASIC, VERT NAV, OFF) U
type AL CATEGORY is (CAT_1, CAT 2, CAT_3A, OFF ) -

50



OUTPUTS

ANNUNVx ANNUNSTATUS

type ANNUN STATUS is
record

ANCSSTATUS ENGAGE STATUS
AFYQLTYTU FLINGQUSALTIS•
AL PROG DISP CUM AL PROGRESS
AUTOPILOT MODE APSELECTION;
FLYQLTY- FLYINGQUALITIES'

end record;

type ENGAGESTATUS is (AFCS_DISENGAGED, AUTOPLIOTENGAGED.
AUTOLAND ENGAGED) ;

type CUM AL PROGRESS is array (1..5) of BOOLEAN

type APSELECTION is (ALTHOLD, AUTOLAND, BASIC, VERTN'AV, OFF)

type FLYINGQUALITIES is (UNFLYABLE, MARGINAL, DEGRADED, NOR{>IAL)
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Ada Procedure GIVE STATUS Vx ii
with VOTING PLANES ; use VOTINGPLANES

separate(DFCS LOGIC)

procedure GIVESTATUSVx is

-- Local Declarations (if any)
-- Declare Static Variables in User-Defined Package(s)

Using the inputs ALPHASE Vx, FLYQUAL Vx, and MODE ENG Vx,

-- compute the appropriate outputs to the Annunciator Displays,
- ANNUNVx per the logic requirements in the English language
-- specification.

begin -- Procedure GIVE STATUS Vx

-- Add Demonstration Software Here

CHNL x XCHK NUM 2

XCHKSYNCHx

end GIVESTATUSVx
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8.0 MANAGE AL SENSOR PROCEDURE SPECIFICATION

Whenever the autopilot is engaged, the various sensors needed for automatic

approach and landing shall be voted and compared to ensure the integrity of
the signals used for autoland. Direct and cross-channel inputs shall be
processed, and the results shall be placed in a record data structure. Logic
states shall be maintained regarding both the internal and external status of

the various sensor signals.

8.1 Sensor Signal Voting

Three separate autoland sensor signal votes shall be made on the input
vectors each cycle: Glideslope Beam Deviation (GS BEAM DEV), Normal or
Vertical Acceleration (NORMACCEL), and Radio Altitude (RADALTITUDE). In p

each case a median output signal shall be generated and placed in a record,
AL MED Vx. Where an even number of inputs is applied, the median shall be
taken as the lesser of the two middle signal values.

8.1.1 Signal Ranges

The range of the respective input signals shall be defined in the deri'ved
type definitions in Package DFCSRESOURCES, Figure 18c. Note that ty-'pe
conversions to Float may be necessary at some point.

8.1,2 Input Signal Validities

If the input validity signal associated with any input sensor signal, as
reflected in the record ALFLAGS, is False 5 consecutive iterations, the
sensor signal shall be removed as an input to the corresponding voter. The

associated signal comparator in AL COMP Vx shall then be set to False
(tripped state) until 5 consecutive True values of the associated input
validity flag signal are observed. The fault logic trip due to external

signals flags shall be permitted to heal as many times as this logic is

satisfied.

8.1.3 Signal Comparators

Each of the non-faulted input sensor signals shall be applied to a
corresponding voter and shall be compared every iteration witn. tne current
median signal output of the voter. When the associated time and amplitude

thresholds are simultaneously exceeded, the affected input signal shall be
declared faulted in AL COMPVx, and the signal shall be discontinued as an

input to the voter. The associated fault logic shall latch, for no healin
of comparison faulted sensor signals shall occur.

8.1.4 Amplitude Thresholds

The following absolute values of signal comparator differences (each voter
input compared with the corresponding voter output) shall delineate out-of-
tolerance input signals for the respective types of sensors

53



Glideslope Beam Deviation >- 0 05 degrees

Normal Acceleration >- 0 025 g.

Radio Altitude >- 2% of current median
value of altitude

8.1.5 Time Thresholds

The following number of successive out-of-tolerance input sensor comparisons
shall constitute the time thresholds for declaring a faulty- input signal.
Note that the comparisons, and hence each count, is only made every other

call of this procedure.

Glideslope Beam Deviation >- 5 cconts
Normal Acceleration >- 4 counts

Radio Altitude >- 4 counts

8.2 Output Signals

The median output signals and the comparator state logic shall be available

as data objects exported by Packages DFCS RESOURCES and DFCS LOGIC

respectively.

8.2.1 Median Output Signals

The median output signals, ALMEDVx, shall be a record of Type

ALSENSORSET.

8.2.2 Comparator State Output Signals

The comparator state output signals, AL COMP Vx. shall be a record of Tpe
AL SENSOR STATUS. ALCOMPVx shall reflect the total effect of input sensor
validity flags and the internal sensor comparator validities, i e , the flaz

input for any sensor shall be OR-ed with the associated comparator validity
to obtain the corresponding ALCOMPVx component value The res,,.-ant states

shall determine which input sensor signals are applied to the voters

8.3 Program Structure Requirements

From a static standpoint, Procedure MANAGE AL SENSCRS 'x is icorporated

into the program structure as shown in the call Isage itra:h n.
From a dynamic standpoint, the multirate executve conrro " t'7' I re

depicts the invocation of MANAGE AL SENSORS .x.

8.3.1 Iteration Rate

As shown in Figure 14, the iteration rate for the autoland sensor processing

is 10 Hz.
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8.3.2 Maximum Allowable Computation Time

As indicated in Figure 15, the maximum allowable time for
MANAGEALSENSORSVx is 5 milliseconds

8.4 Input/Output

INPUTS ]

GSBEAMDEV GSDEVQUAD
type GS DEVQUAD is array (1..4) of BEAM DEV SIGNAL
type BEAM DEVSIGNAL is new FLOAT range -2 5 .2 5

NORM ACCEL N ACCEL TRIAD
type NACCEL TRIAD is array (1..3) of ACCEL SIGNAL
type ACCELSIGNAL is new FLOAT range -1.0..3.0

RADALTITUDE RADALT_QUAD;
type RAD_ALT_QUAD is array (1..4) of RADALT SIGNAL
type RADALTSIGNAL is new FLOAT range -20.0..2500.0

AL FLAGS AL SENSOR STATUS

type AL SENSORSTATUS is
record

GS BEAMVAL QUADVALID
NACCELVAL TRIADVALID
RADALTVAL QUADVALID

end record

OUTPUTS

AL COMP Vx AL SENSOR STATUS

ALMEDVx ALSENSORSET

type ALSENSORSET is
record

CS DEV BEAM DEV SIGNAL
NACCEL ACCEL SIGNAL

RAD ALT PAD ALT SIGNAL
end record•
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% Ada Procedure MANAGE AL SENSORS Vx

with DFCS LOGIC use DFCS LOGIC

with VOTING_-PLANES use VOTING PLANES
separate(DFCS RESOURCES)

procedure MANAGE AL SENSORS Vx is

-- Local Declarations (if any)

Place Static Variables in User Defined Package~s'

------ -

-- Using the sets of autoland sensor inputs (GS BEAM DEV,
NORMACCEL, RADALTITUDE), compute the respective median value

-- outputs for ALMEDVx, per the English text specification

-- requirements.

-- Do not vote an input signal if its associated validity flag,
-- AL_FLAGS(y), is False for a prescribed period Then the indicated

-- fault should be reflected in the corresponding output comparator

-- logic, ALCOMPVx(y).

-- Compare each signal input with the associated median .alue, and

-- if out of specification tolerance, note a comparator trip in

- - ALCOMPVx(y).

begin -- Procedure MANAGE AL SENSORS Vx

-- Add Demonstration Software Here

CHNL x XCHK NUM -3

XCHKSYNCH xS Call for N-' ersion o te

end MANAGE AL SENSORS Vx
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9.0 CALC AUTOLAND PROCEDURE SPECIFICATION

Glideslope tracking and landing flare functions shall be provided as an

orderly sequence of pitch axis sub-modes for automatic approach and landing
under Category I, II, and Illa weather conditions. Appropriate fault

survivability capability will be provided based on fault logic external to
this procedure. Depending on mode selection and component availability,

autoland status annunciation outputs shall be generated for external display.

9.1 Control Laws

The glideslope and flare control laws shall be in accord with the anal.tical

block diagram presented in Figure 21. Neither fixed point nor extended

precision floating point arithmetic shall be used

9.1.1 Signal ShapinE

Digital filtering (as contrasted with numerical integration, for example.

shall be used for the transfer functions. The sampling interval T shall be

in accord with the iteration rate in paragraph 9.4.1. The Tustin transform

may be used on the complex frequency operator, s, to obtain z, the complex
delay operator as appears in digital filter equations:

s - 2 (z-l)

T (z+l)

Since all of the filters are first-order, only the one previous input and
output difference equation values must be saved. These saved values must be

initialized, moreover, before mode engagement to preclude spurious transient
steering commands. Specifically, high-pass filters (those with an s-operator

in the numerator) must have their past input values set to input values

present at engagement time, and their past output values set to zero. Low-
pass filters (those with only a constant in the numerator) must have their
outputs and saved values set to zero prior to engagement. The effect in both

cases is to null filter outputs for the first computational cycle following
mode engagement.

9.1.2 De-sensitization Schedule

The glideslope beam deviation signal shall be de-sensitizedor dovn-zained.

as a function of decreasing radio altitude as shown in Figure _1 2. offset

the effects of beam convergence

9.1.3 Glideslope Fader

Since some residual glideslope error signal may be present at flare encage.

an exponential bleed-off signal fader shall be activated for Category II or

lia autoland at flare engage, simultaneously with the switching in of the
flare command signal per Figure 21. Category I approaches shall terminate at

the Decision Altitude, and shall use this same fader to bleed off any

residual command at this point.
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9.1.4 Flare Sink Rate Command

For Category II or Ilia autoland, an exponential flare path shall be
generated upon descent to 60 feet of radio altitude in accordance with the
altitude scheduling of the sink rate command as shown in Figure 21. %

,','

9.1.5 Altitude Rate Signal

An altitude rate signal shall be svnthesized from normal acceleration and
radio altitude as blended through complementary filtering as shown in Figure
21. This signal shall be summed with sink rate command to obtain sink rate
error during both glideslope and flare modes.

9.1.b Command Rate Limiting

Excursions of the sink rate error signal shall be limited by a command rate
limiter per Figure 21 to preclude spurious or extreme flight path
corrections.

9.1.7 Command Loop Closure

The autoland loop closure shall be effect through the summation of the sink
rate command with pitch rate as shown in Figure 21. Pitch rate sha2. be
obtained from IL MED Vx.P RATE.

9.2 Mode Engagement Logic

Autoland mode engagement shall be effected via the logical signal
MODEENGVx.AUTOPILOT - AUTOLAND, which reflects both pilot mode selections
and component availability. The mode selection logic shall be used along
with the radio altitude signal to activate control law sub-modes and to

perform the autoland progress display logic computations.

9.2.1 Glideslope Mode Engagement

The glideslope mode shall be active in beam tracking mode for Categories il
and IIla autoland any time the radio altitude is abo.'e 60 feet. The radio
altimeter level detector shall be included in Procedure CALC A,)L,.XD '.x.

9.2.2 Flare Mode Engagement

The flare mode shall be engaged for either Category II or ila auto.an when
the radio altitude is below 60 feet.
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9.2.3 Autoland Progress Display

The following logic conditions shall be observed in determining output logic
states, ALPHASEVx, for annunciation. Since it is an enumeration tType data
object, the assignments below are made upon satisfaction, and remain on.
until another condition is fulfilled, or until the Autoland Mode is reset.

AUTOLANDARMED --> Category II or 1i1a Engaged

GLIDESLOPE TRACK -- > Glideslope Mode Engaged (pres,-:med .

DECISIONALTITUDE --> Category I Engaged ft or
Category II Engaged h <= 150 ft.

ALERTALTITUDE --> Category lia * (h <- 100 ft

FLARE -- > (Category II or Category lia) (- h <= 6f7) ft

AUTOLAND INOP -- > Category II and Ilia Engage Logic Los' Dirinr
Approach or Landing or w'4en Autoland
De-Selected

9.3 Signal Interfaces

All sensor input signals will have been voted prior to receipt b- Proceu.re
CALCAUTOLuNDVx to eliminate discrepant inputs due to hardware filts

I

9,3.1 Signal Inputs

All sensor inputs are derived types with constraints as follows. Type
conversions to Float are therefore needed. Unit conversion from g's to feet
per second squared for normal acceleration are also needed.

I

o Glideslope Beam Deviation: +/- 2.5 degrees
o Normal Acceleration. 1.0/+3.0 g's
o Radio Altimeter. 20/+2500 feet
o Pitch Rate: +7- 25 degsec

9.3.2 Logic Inputs

The logic inputs MODE ENG Vx is a record of enuimeration t'res

9.3.3 Pitch Command Output

The output steering command. AUTOLAND CMD_Vx, is a derived type with a .3nke
constraint of 6 0/+3 0 degrees per second A type conversion from Float i-s
therefore needed for this output.

%"..
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9.3.4 Logic Output

The logic output, ALPHASEVx, is an enumeration type

9.4 Program Structure

From a static standpoint, CALC AUTOLAND Vx is incorporated into the program
structure as shown in the call/usage graph in Figure 17; from a dynamic

standpoint, the multirate executive structure in Figure 14 depicts

CALCAUTOLANDVx's invocation.

9.4.1 Iteration Rate

As evident in Figure 14, the iteration rate for the autoland calcuLatio~s is

10 Hz.

9.4.2 Maximum Allowable Computation Time

As indicated in Figure 15, the maximum allowable computation time for

CALCAUTOLANDVx is 4 milliseconds

9.5 Input/Output

I INPUTS

MODE ENG Vx AFCS SELECTION

type AFCS SELECTION is

record

AUTOPILOT AP SELECTION

AUTOLAND ALCATEGORY
end record

type APSELECTION is (ALTHOLD, AUTOIAND, BASIC, VERTNAV, OFF)

type ALCATEGORY is (CAT_1, CAT 2, CAT_3A, OFF)

AL MED Vx AL SENSOR SET

type ALSENSORSET is
record

GS DEV BEAM DEV SIGNAL
NACCEL ACCEL SIGNAL

RADALT RADALTSIGNAL;

end record

type BEAM DEV SIGNAL is new FLOAT range -2.5..2.5
type ACCEL SIGNAL is new FLOAT range -1.0. 3.0

type RADALTSIGNAL is new FLOAT range -20.0. .2500 0
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%ILMEDVx ILSENSORSET;

type IL -SENSORSET is
record

%0 '

%0 
'

PRATE A-NG RATE SIGNAL (onl:y component needed)
0 Iwo

end record

IOUTPUTSI

AUTOLANDCMDVx PITCHCOMMAND

type PITCHCOMMAND is new FLOAT -5.0. .10.0

ALPHASEVx Al_ PROGRESS

type ALPROGRESS is (AUTOLAND ARMED, GLIDESLOPE TRACK
0DECISIONALTITUDE, ALERT_ALTITUDE, FLARE, AUTOLAND INOP)

.rp

elN



Ada Procedure CALC AUTOLAND Vx

with DFCS LOGIC use DFCS LOGIC

with DFCSRESOURCES use DFCS RESOURCES
with VOTING PLANES use VOTING PLANES

separate(CONTROL LAWS)

procedure CALC AUTOLANDVx is

-- Local Declarations (if any)

-- Place Static Variables in User-Defined Package(s)

-- Conditional upon proper mode logic input, MODEENGVx, calculate
-- the pitch axis autoland command, AUTOLAND CO IANDVx, using the
-- sensor inputs, ALMEDVx and IL_MEDVx.PRATE

-- autoland is engaged, compute the progress display outputs,
-- AL PHASE Vx, as well.

begin

-- Add Demonstration Software Here

CHNL x XCHKNUM -4

XCHKSYNCH x

end CALC AUTOLAND Vx
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10.0 MANAGE ILSENSORS PROCEDURE SPECIFICATION

During all foreground executive program execution, the inner loop sensor and
command input signals shall be voted and compared to ensure the integrity of
the signals used for DFCS functions. Direct and cross- channel inputs shall

be processed, and the results placed in appropriate record data structures.

Logic states shall be maintained regarding the status of the various input

signal sources.

10.1 Sensor Signal Voting

Five separate inner loop sensor signal votes shall be made on the input

vectors: Pilot's Stick Command (P STICK CMD), Copilot's Stick Command

(CPSTICKCMD), Average Angle-of-Attack (to be named), True Airspeed

(TRUEAIRSPEED), and Pitch Rate (PRATE_GYRO). In each case a median output
signal shall be generated and placed in a record, IL MED Vx. Where there are

an even number of inputs applied, the median shall be taken as the lesser of
the two middle value signals.

10.1.1 Signal Ranges

The range of the respective input signals are defined in Section 10 4. Since
these signals are of derived types, type conversion to Float type ma. be
necessary for calculation purposes.

10.1.2 Input Signal Validities

If the input validity flag signals furnished by the repsecti'.'e sensors, per

ILFLAGS, is False 5 consecutive iterations, the sensor signal shall be
removed as an input to the corresponding voter. The associated signal

comparator output, IL_COMP Vx, shall then be set to False (tripped state' .

Following a particular logic trip, 5 consecutive True inputs per IL FLkGS

shall reset the corresponding IL COMP Vx state

10.1.3 Angle-of-Attack Inputs

Each corresponding left and right angle-of-attack signal pair shall be

averaged prior to being voted, as illustrated in Figure 7.

10.1.4 Signal Comparators

Each of the input signals applied to a particular voter shall be compared

each iteration with the current median signal output. 'hen the associated

time and amplitude thresholds are simultaneously exceeded, the affected input
signal shall be declared faulted in IL COMP Vx, and it shall be permanently,-

discontinued as an input to the voter.
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10.1.5 Amplitude Thresholds

The following absolute values of signal comparator differences (between the

median value and that of each voter input) shall delineate out-of-tolerance

input signals for the respective types of signals:

Pilot's/Copilot's Stick Command >- 0 2 degrees

Angle-of-Attack >- 1 25 degrees

True Airspeed - 10 knots

Pitch Rate >- 1.0 degrees/second.

10.1.6 Time Thresholds

The following number of consecutive out-of-tolerance amplitude comparisons

shall constitute the time thresholds for declaring a faulty input signal

Pilot's/Copilot's Stick Command >- 6 counts

Angle-of-Attack & Pitch Rate >- 8 counts

True Airspeed >- 16 counts

10.2 Output Signals

The median output signals and the sensor status logic shall be available as
data objects exported by Packages DFCSRESOURCES and DFCSLOGIC.

respectively.

10.2.1 Median Output Signals

The median output signals, ILMEDVx, shall be a record of Type

IL SENSOR SET

10.2.2 Sensor Status Output Signals

The sensor status signals. IL COMP Vx. shall he a recor4 T "e
IL SENSOR STATUS

10.3 Program Structure Requirements

From a static standpoint, Procedure MA.AGE IL SE NCRS .KicF:SravSd

into the program structure as shown in the call usage rath :: .
From a dynamic standpoint, the multirate executive structure in Figure 1.

depicts the invocation of MANAGE IL SENSORSVx

10.3.1 Iteration Rate

As shown in Figure 14, the iteration rate for the i rner Icop sens r

processing shall be 20 Hz.
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10.3.2 Maximum Allowable Computation Time

As indicated in Figure 15, the maximum allowable time for

MANAGEILSENSORSVx is 5 milliseconds.

10.4 Input/Output

I INPUTS I

CP STICKCMD STICKCMDQUAD

LEFTAOA AOA_QUAD N
P RATE GYRO RATE GYRO TRIAD

PSTICKCMD STICKCMDQUAD

RIGHTAOA AOAQUAD

TRUE AIRSPEED TASPAIR

ILFLAGS ILSENSORSTATUS

type ILSENSORSTATUS is

record
AVG AOA VAL QUADVALIDITY

CPSTKVAL QUAD_VALIDITY

LF AOA VAL QUAD_VALIDITY
P STK VAL QUAD VALIDITY

PRATE VAL TRIAD VALIDITY:

RTAOA-VAL QUAD_VALIDITY

TASVAL PAIRVALIDITY

end record

I OUTPUTS I

IL MED Vx IL SENSOR SET

type ILSENSORSET is

record

AOA DISPL AOA SIGNAL ,

CP STICK STICK CMD

P RATE ANG RATE SIGNAL

PSTICK STICK CMD
• A TRAIRSPEED TAS SIGNAL

end record

type ANGRATESIGNAL is new FLOAT range -250..25.0 -- deg,sec

type AOA SIGNAL is new FLOAT range -10.0..50.0 • -- degrees

type STICK CMD is new FLOAT range -1.5.-0.5 : -- degrees

type TASSIGNAL is new FLOAT range 100.0..600.0 ' - knots

ILCOMPVx IL SENSOR STATUS
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Ada Procedure MANAGE IL SENSORSVx

with DECS LOGIC use DFCS LOGIC

with VOTING PLANES use VOTINGPLANES

separate(DFCSRESOURCES)

procedure MANAGE ILSENSORSVx is

- Local Declarations (if any)

-- Place Static Variables in User-Defined Packages) .5

-- Using the Voter/Comparator Inputs (CP STICK CMD, LEFT_AOA,

-- P RATE GYRO. P STICKCMD, RIGHT AOA, TRUE_AIRSPEED) compute

-- the median value outputs, IL MEDVx, per the English test

specification requirements.

-- Do not vote an input signal if its associated validity flar '

-- IL FLAGS v), is False Then record a corresponding comparaitor
trip. IL_COMP Vxiy).

-- Compare each voted input signal with the associated median

-- value, and if out of specification tolerance, not a comparator

-- trip in IL COMP Vx(y).

-4D

begin -- Procedure MANAGE IL SENSORS ?x

S-.

- Add Demonstration Software Here

CHNL x XCHK _UM 5

XCHKSYNCHx -- Call for N-'.'ers on ''ot,

end MANAGE_ ILSEN:SORS Vx

ii
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11.0 CALCINNERLOOP PROCEDURE SPECIFICATION

A pitch inner loop stability augmentation control law shall be provided to

improve the inherent flying qualities of the aircraft. Since a negative

static stability margin is assumed for the aircraft, the pitch stability

function shall be regarded as critical. Double fail-operational redundancy

is therefore inherent in the design, with graceful degradation of performance

under most multiple fault conditions.

11.1 Control Law

The pitch stability augmentation control law shall be in accord with the

analytical block diagram presented in Figure 22 No extended precision

arithmetic shall be used.

11.1.1 Signal Shaping

Digital filtering shall be used (as contrasted with numerical integration.

for example) for dynamic signal shaping. The sampling interval T shall be in

accord with the iteration rate in Paragraph 11.4.1. The Tustin transform

may be used on the complex frequency operator, s, to obtain z, the complex

delay operator as appears in digital filter equations:

s - 2 (z-1)

T (z+l)

11.1.2 Gain Scheduling

Sensor signal gains shall be scheduled as a function of true airspeed in

accord with Figure 22. In the event that the true airspeed signal is
questionable, i.e., if both components of ILCOMP _'x TAS ".'AL are not valid.

all gains shall revert to their lowest scheduled values.

11.1.3 Outer Loop Command Summation

Vhen externally selected, via MODE ENC Vx AV"TOP Q0T A"T. u:.c. cm ,er

loop pitch servo command, AUTOLAND CMD_>z shl he s':m:r ed ' .. the tnnei

loop command as shown in Figure 22.

11.1.4 Command Limiting

The summation of the inner and outer loop servo coirmand . i:- .-

-8.0, +1.0 degree of stabilizer displacement,

L 6N
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11 Activation Logic

The inner loop control law shall be engaged at all times, but it may be

altered externally due to sensor resource depletion, which can cause a

median sensor input(s) to clamp to zero.

11.2.1 Mode Engagement

The basic stability augmentation function shall be activated as a function of

aircraft electrical power on, provided the respective DFCS channels are able

to commence cycling in the foreground executive program (see Section - 0,.

During the first pass through the control law following power application or

resumption, the high-pass filter for angle-of-attack shall be initialized to

set its output to zero (past difference equation output to zero, and past

input value to present input value). This initialization precludes an

engagement transient.

11.2.2 Stick Command Blending

Each of the pilots' stick command inputs shall 'e passed through a + - JAJ5

degrees of stabilize- command deadband, and the- the'.' shall be sum:red to

obtain an averaged input value. The resultant cocmand sa+" then be 1 mited

to an +/- 12.5 degrees of stick command.

11.2.3 True Airspeed Validity

The true airspeed validity signal, ILCOMPVx TAS _AL. shall be used tn

determine that the true airspeed signal is acceptable for use in ra.n

scheduling. Both validity signals must be True

11.3 Signal Interfaces

All input signals, with the possible e:.:cept on ,: w >r.. .

will have been voted prior to receipt by A1.2 .. e.

discrepant inputs due to hardware faults.

11.3.1 Sensor Inputs

All sensor inputs are of derived types. ,ns~2'en:. . -

Float shall be performed where necessar.. e 4 o

conversions.

11,3.2 Steering Command Input

The outer loop steering command input signal, AUTOLAND CMD'.x isincreen,l

about the stabilizer trim position (which is irreleant to the pl meat:.,-

of this procedure). Since it is a derived type, it shall hv' :vn','erIed 7

Float type for control law computation.
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11,3.3 Logic Inputs

The logic inputs, IL COMP Vx.TAS '.'AL and MODE E .T(; P ire a
vector and a record enumeration types. respect:vel..

11.3.4 Servo Command Output

The stabilizer servo command output signal shall b on.',r'd 1r1 a
type to the derived type, STAB COMAND, with a rr.ge cornstrairit o -

degrees.

11.4 Propram Structure Requirn'ents

From a static standpoint, CALC INNE R LOOP is )rPCr"i

program structure as shown in the ca 1,'us a b,r in 7. ,
dynamic standpoint, the multirate executive strjc>+re :n ' "
CALC INNER LOOP Vx's invocation,

11.4.1 !Iteration Fite

As evident in Fisre i-. t, e ira:in -a.
20 Hz

1....2 Maximum Corutatar: TiMe

As indicated in Figure I) the maximum a.o'anl C , ,-.. ..

CALC INNER LOOP '.x is 6 milliseconds

11. 5 Input/Outrut

IL MYED ".x IL SENS P, SET

type IL SENSOR SET is

record

AGA DSP: A' A S..'
C P S T I , -

P RATE ANG RATE ,
P STICK ST " Y

TP AIRSPEED T.S : .

end record

type ANGRATE SICNAL is new F',0AT t. .
type A0A SIGNAL is new FLOAT r i " :' :-
type STICKCMD is new Fl.cAT rint,"

pe TASSIGNAL is new ELi AT rdr ' +'

..........-. .-.--.- '.... ..... ...... ...-.-.--.. -..-... .



AUTOLANDCMDV3 PITCHCOM.MAND

type PITCH_COM.MA.ND is new FLOAT range -3. 6

MODE ENG Vx AECSSELECTION

type AFCS_SELECTION is
record

AUTOPILOT APSELECTION
AUTOLAIND ALCATEGORY

end record

type AP SELECTION is (ALT _HOLD, AUTOLAND, BASI(7, '.ERT N.A'. OFF,

type AL CATEGORY is (CAT_ I CAT_ 2, CAT_ 3A. OFFI

I LCOM4PVx. TAS _VAL PAIR V-ALID)T T "

OUTPUTS

STABSERVOCMDV:x STAB (CMMAN;D

type STAB COM'MAND '.s new FLO-AT rarge-1



Ada Procedure CALC INNE R LOOP Lx"
I7

with DFCS LOGIC use DFCS LOGIC
with DFCS RESOURCES use DFCS RESOURCES

with VOTING PLANES use .'OTING PLANES

separatetCONTROL LAVS')
procedure CALC INNER 0CC? 1' is

-- Local Declarations if anv
-- Place Static Variables inser-Definrd "',u Wire s

-- the inner loop control law commands are generaerd frm -Xe
-- input signals, IL_MED_x It ar, autopilot mode ;> selected
-- via MODEENG_ x. the autopilot input command Ls sr.ied
-- the inner loop command. The output in eitner case is
-- STAB SERVO CM V.'

begin

Add Demonstratuon Software Hr

CHNL x XCHK .NM - 6
XCHK SYNCHX

end CALC :NN.'ER P

.
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12.0 ASSESSSYSTEM PROCEDURE SPECIFICATION

The fault logic states of all channels shall h,-e e':,aluated to ascerta,_n tne -

% status of the total system with respect to the- aUgMCented flxing qualities and
the oper-ational state of the system. N.ote that t'ne operationa. state implies
a lower bound on flying qualtities Ilev.e, 1hc can be exceed ed for nor.-
normal operational states. The s'.stem st.atus Lo ,c snould 'be cons~stent
with that given in Figure 6 of DOT. -A. CT - U. ut t-ne fol0,,Lrin%

requirements shall govern. No ne o f t.he f olly l1oW1 i._c shal laC~ a n%-
such effect would result from lat ching of input licsiZna ds .sramnt:

data flow.

12.1 Flyinz Qualities St-atus

T"he fault status of the augment.ed fly;- by;wi re AF H, sen sors, 117 7:.
shall be evaluated to determine flying qualities st-atu-s, --L*. T. ne
following logic shall be implemented. where ACA d"en-otes nl-o-tacand
TAS denotes true ai.rspeed

No rmal F.. l~gQaiis -- ini.:n*. .~ :

':ND M11i nimu 4: 1*

A';D Bo-th Tru;e rs-

A'; D Min.imum ot As:C L-

uompmand s ,,alid.

Degraded F.I',ing 'Qualit.ies --> (Maximum of I >l

oR Maximum of IT AS 1

AN D Minimum of 2A--,A
AkND Minimum of 2Associaei S~it"k

Comma n ds '.a

Marginal Flving Cuaities-.-> Minimum of 2' Ra
AN;D Maximum of 1 A -A.-

7.e sta .

S' l

yD.Duble Fail ip e r atrinil AN A I T -
r. A P s

-' AII o
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Operational State 2 -> All Rate Gvros Valid
(Single Fail Operational) AND All TAS Valid -

AND
((Exactly 3 ACA Pairs Valid

AN D Minimum of 3 Computer Channels Valid
AN D [Minimum of 3 of One Set of Stick Commands

Valid V
OR Minimum of 2 of Both SticK Commands Valid"

OR (Minimum of 3 ACA Pairs Valid
AN D Exactl,; 3 Computer Channels V,'aid
AND rMinimum of 3 of One Set of Sttick 1-ommancs

Valid
OR Minimum of 2 of Both Stick Commands V.alid'

OR (Minimum of 3 AOA Pairs Valid
AND Minimum of 3 Computer Channels Valid
AND 'Exactlv, 3 of One Set of SticKz Commands

Vaii
AN D Maximum of 1 of Other Set of SikCn

Valid
OR Exactly; 2 of Both Sets of St-ick" :oimands

VaIi d'

Operational State 3--
(,Fail 'Vnsafe

(Exactly 2 ACIA PairsVld
kND Minimum of 2Computer Channels .~:
AND Minimum of 2 of One Set of Stick l:.ad

Valid)

OR (Minimum of 2 AOA Pairs Valid
A§ND Exactly 2 Computer Channels Valid
AND Minimum of 2 of One Set of SticK'Cnad

V a i d)

ODR (Minimum of 2 AQA Pairs Valid
AND Minimum of 2 Comp-uter Channe-Ls..
AND Exactl' 2 of One Set, of Stic -o mmandis
A ND MaXIMUM of I Of Other Set of Stick Cor-mac-,

Operational! St ate Max imum of *:I Pir..L

ffect :; Depleted 7R M-a\iu o:f --uer -i

GOR Maximum of I t~kCf~n ~

12.3 MximumAlloyable Cniiin.m

The maximum allowable slib- frae ,t t 0t r:

milliiseconds



12.4 Input/Output

I INPUTS I

CHNLSTATUS_VI, CHNLSTATUSV2,

CHNLSTATUS_V3, CHNLSTATUSV4 BOOLEAN

ILCOMPVx ILSENSORSTATUS

type ILSENSORSTATUS is

record

AVGAOA VAL QUADVALIDITY

CPSTKVAL QUAD VALIDITY

LFAOAVAL QUADVALIDITY

P STK VAL QUADVALIDITY
PRATE VAL TRIAD VALIDITY

RTAOA-VAL QUAD_VALIDITY
TAS VAL PAIR VALIDITY

end record

I OUTPUTS I

FLY QUAL Vx FLYINGQUALITIES

type FLYING_QUALTIT.IES is (UNFLYABLE, MARGINAL, DEGRADED, NORIAL)

FBW STATUS Vx PRI FCS STATUS

type PRIFCSSTATUS is (OPSTATE_4, OPSTATE 3, OPSTATE_2,

OPSTATE_1)

%%

77."

* . - ~ *. *5 'I



4%

Ada Procedure ASSESS SYSTEM Vx

with VOTING PLANES use VOTINGPLANES

separate(DFCS LOGIC)

procedure ASSESSSYSTEMVx is

-- Local Declarations (if any)

-- Place Static Variables in User-Defined Package(s)

-- Using fault logic inputs CHNLVl, CHNLV2, CHNL_73, and CHNL_74

-- along with ILCOMP Vx, compute the system states, FLYQUAL_Vx and

-- FBWSTATUS_Vx, per the logic requirements in the English

-- language part of the specification.

begin -- Procedure ASSESS SYSTEM Vx

-- Add Demonstration Software Here

CHNL x XCHK NUM - 7

XCHK SYNCH x C-- Gall for N-Version Vote

end ASSESS SYSTEM Vx

7-
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13.0 GIVE WARNING PROCEDURE SPECIFICATION

Warning display output signals shall be generated based on internal mode and
fault logic variables to indicate control function status and availability.
Information shall be displayed only when appropriate to inform the flight
crew; this corresponds to warning logic conditions other than "BLANK."

13.1 Autoland Status

The autoland status output, WARN Vx.AUTOLAND, shall directly reflect the
logic input signal, ALWARNVx, for both are of the same type.

13.2 Augmented Fly-By-Wire (AFBW) Status

The AFBW status output, WARNVx.FLYBYWIRE, shall reflect the logic input
signal, FBWSTATUSVx, with the input state OPSTATE_1 mapping to BLANK.

13.3 Flying Qualities Status

Flying Qualities status, WARNVx.FLYINGQUAL, shall reflect the input logic
signal, FLYQUALVx, with the following correspondences:

IMPAIRED EQ -- > Degraded Flying Qualities OR

Marginal Flying Qualtities OR
Unflyable Flying Qualities.

BLANK -- > Normal Flying Qualities.

13.4 Master Warning Indicator

Each time a new warning state is first annunciated, a master warning signal, 5

FLASHWARNINGVx, shall be set to BLINKING. When acknowledged by an
externally applied Boolean variable ACKNOWLEDGE being momentarily set to
True, FLASH WARNING Vx shall be set to STEADY, where it shall remain until a
new warning is generated, or all prior warnings are terminated via the input
logic to this procedure. When no warnings exist, FLASHARNING_'.'x shall be
set to OFF.

13.5 Maximum Allowable Computational Time

The maximum allowable sub-frame time for this computation shall be 2
milliseconds.
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13.6 Input/Output
1'

I INPUTS P

ALWARN_Vx ALSTATUS

type AL STATUS is (CAT 2 INOP, CAT 3 INOP, OFF)

FBWSTATUSVx PRIFCSSTATUS

type PRIFCSSTATUS is (OPSTATE_4, OPSTATE_3, OPSTATE_2, OPSTATE_1)

FLYQUAL_Vx FLYING_ QUALTITIES
P

type FLYINGQUALTITIES is (UNFLYABLE, MARGINAL, DEGRADED, NOR.MAL)

ACKNOWLEDGE BOOLEAN

.521

I OUTPUTS P

WARN Vx WARNING STATE

type WARININGSTATE is

record P

AUTOLAND AL STATUS

FLY BY WIRE FBWSTATUS

FLYING QUAL FQ_STATUS

end record

type FBW STATUS is (OP STATE_4, OPSTATE_3, OPSTATE 2, BLANK) p

type FQSTATUS is (IMPAIREDFQ, BLANK)

FLASHWARNINGVx MASTERWARN

type MASTERWAR-N is (BLINKING, STEADY, OFF)

P

.°
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Ada Procedure GIVE WARNING Vx

with VOTING PLANES ; use VOTING PLANES

separate(DFCSLOGIC)

procedure GIVEWARNINGVx is

-- Local Declarations (if any)

-- Place Static Variables in User-Defined Package(s)
I

-- Using the inputs AL WARN Vx, FBWSTATUS,Vx, and FLYQUAL_'1:,

-- compute the appropriate outputs to the Warning Display,
-- WARN Vx, and in turn, the Master Warning, FLASH WARNING Vx, per

-- the logic given in the English text part of the specification.

-- The Boolean input ACKNOWLEDGE should cause the Master Warning to

-- glow steadily, rather than continue flashing as should occur

-- at the onset of a new warning.

begin -- Procedure GIVEWARNING , x

-- Add Demonstration Software Here

hI

CHNL x XCHK NUM 8
XCHKSYNCH x -- Call for N-Version Note

end GIVE WARNING Vx

81

'. ; , .v "4-.'< '.-.'-.'-' ¢. i ; ,'.,'- .''. ",''.- --"--" ". ". ., . v ."- , .-"..*, "- "* . ". -. " , - "-"- ." --- " -- - ' . .,



14.0 TEST HARNESS SET-UP

Although it was planned that the testing of the software fault-tolerant DFCS

be done sequentially in non-realtime on a VAX computer, it was understood

that the four versions of demonstration software would.would normally reside
in a quadruplex DFCS architecture. Hence, four parallel channels with double

fail-operational capability were assumed, along with appropriate
sensor/effector redundancy. Note, however, tliat the test harness software

itself is mostly single string. The oveiall program organization to

mechanize all this is shown in Figure 23; here only Tasks DFCS x EXEC and
CHNL x SYNCH are replicated four times, because they interface with the four

DFCS channels. All of the DFCS software, moreover, is effectively contained

within Tasks DFCS xEXEC in the Figure 23 representation.

The test harness runs interactively on a non-realtime basis, with test cases

applied through files readable by the test program. Considerable flexibility'

exists to expand the variety and extent of testing possible. but currentl-.,

the primary testing mode is customary airplane closed-loop simulation. The

DFCS software is incorporated in the test harness as shown in Figure 24 for a

typical channel. All of the program units shown belong to the DFCS except

for the three shaded ones. As previously stated, the calling of Procedure

RUN FOREGROUND x in the test harness is done by Task DFCS _x EXEC in the test
harness, rather than by Procedure RUN DFCS EXEC in the actual DFCS software

load module. Also, Procedure VOTE RESULTS is called by the test Iarnes;

rather than by the DFCS software.

14.1 Test Harness Operation

At the outset of testing, the top-level program, Procedure RUN TESTEXEC.

makes procedure calls to SELECTOPTIONS and APPLYINPUTS to initalize testing
(see the listing in Figure 25a) based on prompted selections by the user.

Following this Procedure STARTTESTING (see the listing in Figure 25b) is
invoked by RUNTESTEXEC, and actual testing ensues when entry is called to
each of the four DFCS_x_EXEC tasks (see the body part listing for Package

TESTRESOURCES in Figure 25c). Normal testing then proceeds primaril- under

the control of Task TESTEXEC (see the listing in Figure 25d). For each test

cycle, it calls Procedurd APPLYINPUTS. As indicated in its source code in

Figure 25e, this procedure can effect open or closed loop testing and faulted

or fault free testing for a predefined number of cycles. Sensor and logic

inputs can be altered independently.

Once a voted DFCS procedure called by Procedure RUNFOREGROUNDx completes,
it calls Procedure XCHK SYNCHx as listed in Figure 25f. These four DFCS

procedures are the only ones modified whatsoever for test harness use.

Basically, cross-channel voter synchronization would probably involve
hardware oriented instruction that would be cumbersome to run on a general

purpose computer. Furthermore, the effort would be difficult to justify for

the type testing undertaken here. These procedures still perform the type

conversions and voted value corrections as required in the DFCS application,

but they make entry calls to test harness task, CHNLxSYNCH, as defined in

Figure 25g.
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14.2 N-Version Voter Synchronization

Including the top-level program for the N-version demonstration, Procedure
RUNTESTEXEC, ten Ada tasks are active from the outset of program execution.
These include the four test harness DFCS executive programs, Task
DFCS_x_EXEC, four secretary tasks that regulate voting plane synchronization,
Task CHNL_x_SYNCH, and the test coordinator, Task TESTEXEC. The secretary
tasks needed to effect a four-way synchronization using Ada inherently two-
way rendezvous. These tasks are declared in Package TEST RESOURCES per
Figure 25c. Intertask communication as depicted in Figure 26 continues so
long as the master control Boolean, RUNNING, is True.

Initially, entries to Tasks DFCS_x_EXEC are called from Procedure
STARTTESTING, namely, DFCS_x_EXEC.ENGAGE for each of the four channels. As
each voted DFCS applications procedure completes, the associated Procedure
XCHKSYNCH x calls entry to the corresponding secretary tasks with a
CHNL_x_SYNCH.READY statement. When the CHNL_x_SYNCH accepts the entry call
and relays it to Task TEST_EXEC, both DFCS_x_EXEC and CHNL_x_SYNCH are
suspended. Then the other channel tasks are activated one by one until all
have reported in to TEST EXEC's timed select loop that accepts
TESTEXEC.CHNL_x_READY entry calls. After checking to ensure that all DFCS
channels are at the correct voting plane, Task TESTEXEC calls Procedure
VOTERESULTS and analyzes and records the results.

TESTEXEC then checks for additional test case selections. If so, it calls
applies them and one by one releases DFCS channels for the next test cycle.

This is done by a CHNL_x_SYNCH.RESUME entry call that completes two
rendezvous and permits DFCS_x_EXEC to become active again. The next DFCS
applications module in RUNFOREGROUNDx is then executed, and the next voting
plane is sought via a repeat of the four-way synchronization process. If
Task TEST EXEC determines that all test has been completed, it sets RUNNING
to False and terminates. The rest of the tasks then terminate as well. .

14.3 Closed-Loop Simulation

The closed-loop simulation set-up is depicted in Figure 27 in a state

variable form that coincides with the external DFCS sensor/effector signal
interfaces. The source code for the simulation is presented in Figure 28.
Basically, it reads in flight case data from an interactively named file,
trims the airplane under selected conditions, and commences to generate the
array of inner and outer loop sensor signals based on the input
STABSERVOCMDx. The output signals undergo data type and scaling changes as
appropriate. Signal fan-out for multiple sensors and fault insertion
faculties reside in Procedure UPDATE-SENSORS, which is also called by
Procedure APPLYINPUTS per Figure 23.

14.4 Software Development

During DFCS software versions, the test harness was modified for single
channel use. Basically, this involved disabling all but one particular
channels tasks, and tailoring input test data for limited scope or unit
testing. Some data object visibility problems were encountered that
necessitated selective raising of the variable namespace so that the test
harness could import and access certain variables. Basically, the test
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harness could import and access certain variables. Basically, the test
harness was readily usable, and naturally provided all the Ada package
objects needed for testing. Test case definition was problematical because
of the data dependencies among applications program units, but test case
application via the harness was quite convenient.

14.5 Compilation Dependencies

The total DFCS/test program is exceptionally complex for its lines of source
code because of the N-version voting requirements and the test observability
requirements. While the procedure/task calling structure in Figure 23 is
rather straightforward, the compilation dependencies are quite tortuous, as
Figure 29 reveals. They can complicate recompilation following essentially
minor code changes. These dependencies are inherent in Ada, and they are the
price of global consistency checks among program units. This figure,
however, makes it clear what recompilation sequences are required, and hence
facilitates orderly software development.
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15.0 RESULTS AND CONCLUSIONS

The all-up test harness was run with a modest amount of further development.
Despite prior awareness of the criticality of specifications (e.g., see
Reference 11), several iterations of specification de-bugging were necessary
to eliminate associated software faults. The Ada program structuring
techniques seemed to work well,'with the exception of raising the visibility
level of many variables for test observability or N-version voting. The N
software fault tolerance seemed to work well, but further study of the voter % -

mechanisms is indicated.

Since some of the programmers had no prior Ada experience, the incidence of
software faults was somewhat high. But all considered, programmer usage of
Ada was really quite good. Variations among versions was very substantial,
alleviating concern that Ada restrictions would hamper independence of
software versions. The richness of Ada admits diverse ways of implementing
the same functionality, provided the encompassing design does not encroach
beyond program unit interfaces. This means that N-version programmers must
have freedom to define and control all data objects at the level they are
developing, a rule that was learned by early and unsuccessful initiatives to
the contrary.

A summary critique of the effort is presented in Figure 30, and expanded in
the following sub-sections.

15.1 N-Version Software Demonstration

Basically, the N-version demonstration was satisfactory. Ample faults
indigenous to the four versions permitted affirmation of the fundamental
adequacy of the N-version approach, but some questions remain due to the
limited scale evaluation possible. Still, the degree of complexity of the N-
version software was surprisingly high, largely due to mode and fault logic.
The problems with the specifications resided mostly in this area as well.
The preparation of adequate specifications was found to be especially prob-
lemsome. Hence, our continuing interest in formal specification has been
intensified. Larger-scale logic definition problems may dictate some new
type verification tools with respect to correctness and completeness.

In the course of N-version development, it was also discovered that the top-
level design had been too encompassing. For example, the definition of data
types and objects for the applications programs units was found to be best
left to the -individual programmer's discretion. This enabled greater
independence among versions and better overall program structure. At the
same time, the low-level N-version programmer defined packages were found to
be very useful in a variety of ways, such as containing saved variables and %

text for newly defined procedures. The ultimate variation among versions was
appreciable, alleviating concerns that Ada would be too restrictive.

15.2 Methodology Extensions

Basically, the Ada package partitioning technique produced qualitatively good
results in limited use. Certain benefits accrue to source code compactness
and comprehensibility. For example, the way in which data objects were
declared obviated the need for the N-version program units to have parameters
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passed to them, thereby making the source code for Procedure RUN FOREGROUND x P

far less cluttered than it otherwise would be. Had it not been for the
raising of the namespace for voting or testability, this absence of parameter
passing would have been accompanied by reductions in the data object
namespace. Specifically, some of the objects would have been declared in
package bodies, rather than in specification parts.

The same package definition approach lent itself to "detached" test harness
observability of the voted DFCS data objects in that the DFCS code was
unaffected by the test harness except for certain object visibility
elevations. This passive observation capacity is of course inherent in the
Ada language. For unit checkout/de-bugging, the test harness was set up to
run for just one DFCS channel task. This worked well, but it prompted
concern over unit testing in Ada in general. Basically, access to the
entities required of all interfacing program units seems to complicate unit
testing. Since the single channel test harness alleviated such problems,
perhaps this type tool may prove widely useful.

Despite the relatively modest size of the overall program, a significant
effort was involved in coping with compilation dependencies among Ada units. %

Such dependancies are complicated in the combined DFCS/test software. More
generally, they are the price of Ada's global syntax checks, so the only
alternative is the purposeful improvement of program structuring relative to
compilation dependancies. This was accomplished using graphical
representations of the kind illustrated in Ref. 17. This technique yielded .,'.
the perspective to lower the levels of some dependencies. It also made % ,
recompilation demands more apparent. Based on this experience, it would seem
appropriate to include compilation dependencies in the characterization of
Ada program structuredness.

15.3 Test Harness Flexibility 2.

The test harness was surprisingly compact and extensible, as well as very
serviceable. Although the harness met essentially all of its requirements, it
was necessary to modify the test article software at the lowest, hardware-
oriented level. This was considered reasonable in the absence of target
computers, for the tradeoffs for simulating synchronization hardware was very
unfavorable. Note that testing the software in flight computers wouldP%
normally enable visibility of any address location, independent of program %
structuring of the namespace. This suggests that the raising of the
namespace for test observability purposes mfight not be necessary under a dif-
ferent testing senario. This issue, together with the Ada unit testing
question, prompts further investigation into Ada testing techniques.

To date the test harness usage has been somewhat limited compared with its
potential. The test driver and test instrumentation/monitor are inherently
adaptable and are being augmented for protracted, multiple test cases. The
aforementioned DFCS logic complexity, in part, motivates this, along with the
prospect of probing for persistent software faults. These are of major
concern because they are the kind that software fault tolerance must cope
with. Another pending use of the harness is a proposed investigation of N-
version voters.
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15.4 Conclusions %..

The following conclusions have been formulated as a result of this project:

o Calibration of benefits of N-version software are needed that
quantitatively validate its favorable impact on system reliability

o Complexity metrics are needed to quantitatively delineate design techniques
or alternatives relative to program structure

o Means to characterize the overall structure of Ada programs are desirable
that acknowledge compilation dependancies ~L

o Ada testability needs to be explored in terms of data object visibility
versus preferred program structuring alternatives

o Specification technology needs to be improved to facilitate orderly N-
version software development and preclude specification oriented faults.

Despite the extent of these follow-on recommendations, the investigation
results were quite favorable with regard to improved structuring techniques,
high-fidelity multitasking testing, and N-version software implementation.
The identification of further needs are actually an indication of progress.
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Appendix A - Version 3 Applications Software

Altogether, six versions of DFCS applications software were generated.
Ultimately, two were required for specification de-bugging. The following
version is provided as an example of the Ada source code produced. Note that
the programmer defined Ada packages were a key to approaching version

independence in that any desired data types or objects could be declared
there. Also, the packages permitted the definition of saved variables as

needed for digital filters or logic latches, and the shortening of procedure

bodies by distributing source code. The sequence of program unit listings in
this appendix is:

Figure No. Title Page

A-1 Procedure SELECT MODE V3 A-2

A-2 Procedure ASSESSCHANNELV3 A-4

A-3 Package CHNL 3 ASSESSMENT A-8

A-4 Procedure GIVESTATUS V3 A-9

A-5 Procedure MANAGEALSENSORSV3 A-1O

A-6 Package CHNL 3 AL VOTER A-12

A-7 Procedure CALCAUTOLANDV3 A-17

A-8 Package ALRESOURCES A-18

A-9 Procedure MANAGEILSENSORSV3 A-24

A-1O Package CHNL 3 IL VOTER A-26

A-11 Procedure CALCINNERLOOPV3 A-30

A-12 Package ILRESOURCES A-33 ,

A-13 Procedure ASSESS SYSTEM V3 A-34

A-14 Procedure GIVEWARNINGV3 A-37

A-15 Package WARNINGCHECKS A-38

-a--
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Ada Procedure SFPLFCT-.munE- V3.ADA

with VOTING-PLANES ; use VOTING-.PLAN~6
separate C FCS..LOG IC)
Procedure SELECT.NOUE-.V3 is

bCe7±n
AL-O.ARN-V3 := BLANK
case mnDE-.SEL.AUTUPILOTIs1
wh~en ALT-.HOLD => m'uDE.kG-.V3.AUTOPILOT : ALI..HCILD

MUDE ENG..V3.AUTOLAND :=OFF ;
wnen RASIC => MODE.EGV3.AUTUPILUT :: ASIC;

MODE-EENG-.V3.AUTOLAND ::OFF;

when JFF => UDE..ENG-.V3AUTOPILOT O: FF;
NODE..LPG.V3AUTOLAND OFF;

when VERT.NAI => mODe-ENG-V3.AUTujPILOT :~vFIR1'..AV
MOnE.iMG-.V3.AUTOLAND :z UFF'

wnen AUTOLAND =>
* ~AUTOLAND-.ENGAGF-LOC'IC

declare
* tyve VALIDTTY-.CNT is

WI record
GS : INTEG~k renqe O..4 ::0;
NA : INTEGEH rance O..3 ::0;
RA : INTEGFR ranc 0..4 ::0;

end record
MUM-..VAL :VALXDITY.C!4T;

becinb
"UDE-SEL.AUTOPILOT := AUTOLAND;
for INDEX In 1..4

loop
If AL-COMPV3GSBFAM.VAL(INDEX) = TRUF
thlen NUM-VAL.GS := NUM-,.AL.GS 1 ;
end it ; 

%

it AL-COmP.V3.RATX.ALT..VAL(INnEX')=rU
then 1TJM-.VAL.RA := NIJM-V.AL.RA + I :
end If
if INDVX /= 4
then if AL..COmP-.V3.N.ACCEL-VAL(INDFX) TO

then NUmq.VAL.NA NUM..VAL.NA +1~
emd if:

end If:
end loop;

Figure A-i Procedure SELECT-MODEV3 (Sheet I of 2)
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e as* MGOEbL.AUTnLAND 1s

.hen CAI-JA A>
it F~w..5TAIUS..V3 x OP-.STATE..1 &no NUM..VAL.NA a J

ana NUN..VAL.GS a 4 and NUM..VAL.RA a 4
then mODE-EM(g,..VJ.AUTOLAfo is CAT-JA

elsit rs~..STATUs-.V3 >x nP..STATL-2 and NUN..VAL.NA >2 2

11no NUN..VAL.GS >x 2 and NUN..VAL.AA >a 2
then maor-pmr..vj.A~fTnLAhO is CAr-.2

AL..WARN..V3 is CAT-3.,LNOP 3

0131t FRO.s1ArUS..VJ < OP..STA?1..2 or MUM-VAL.NA I

or NUM..VAL.GS x I or NUN...AL.MA I

then NfDJN..V.UOAO:2 CAT-1
AL-.WARM-V3 :a CATJNOP ;

eLSe MOD7..Ift-Y.V.AUOLAhD is Orr N

AL..WARN.V3 22 CAT..3-.INUP 
%

end It ;
when CAT..2 8>

it F~u-STATUS-Vi >4 OP-ST~ATE-2 and NUM..VAL.NA >a 2

tnn MD.EG.JA~LO aCI2and MUN..VAL.GS >a 2 and NUM..VAL.AA >x 2 l

elsit VOW..STATUS-Vi < UP..STATE-2 or NUN..VAL..NA U I RO

or NUM-VAL.(GS % I or MUM-VAL.RA * I .%.-

AL..WARN-V3 i2 CA?..2..MOP ; %.

else mODCEEC.VJ.AUTOLANO is Off
AL..WARN-V3 is CA?..2..NOP I

end if 
,5

wnen CAT..l a>

It MJJN..AJ.,.bA >2 I and NUM..VAL.GS 2-8 1

and MUM-.VAL.RA lox 1i
then Mocor-.EftC-JAIITOLANl :& CAT-1
else MODE-EkGVJ.AUTOLAND is Orr3.~

wnen CAPT a)
null :

end case
end AUTOLAND..EMGAGr-LGGIC r

rm"-jr~gm~m is
XC"X...ymCh..3 ) Call tor N-Version Vote -

end SLLEC...OOC..V3 
-

%

ib

Figure A-i Procedure SELECTMODE-V3 (Sheet 2 of 2)
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Ada Procedure ASSESS.CHANNFLV3

with CHNL.3_ASSESSMENT ; use CHNL_3.ASSSSMENT ;
wltn CHANNEL-RESOURCFS ; use CHANNEL-RESDURCES ;
separate(OFCS.LOGIC)
oroceoure ASSLSSCHANNFLV3 is

bein

case CPU-COUNT is -- Computer Channel

when 0 => -- Normal
It CMPTR-3.CPU.CHKOK = FALSE
then CPU.CHK := FALSE

CPU-COUNT := 1 I
end if;

when 1 = -- Faulted
it CMPTR-3.CPU-CHKOK = TRIE
then CPU_CnUNT := -1 ;
end If ;

when -10..-1 => -- Healinc
it CMPTR.3.CPUCHK-OK = TRUE
then CPU-COUNT := CPU-COUNT - 1

if CPU.CorNT <= -10

then CPU.HEAL := CPU-HEAL 1 ;
it CPU-HEAL > 5
then CPU-COUNT 1= 2 :
else CPUCHK := TRUE ;

CPU-COUNT 0 ;
end if ;

end if ;
else CPU-.COUN'T := -1;
end if

when 2 => Failed
CPU.CHK := FALSE ;

end case;

case VP.CnUNT is 1/0 Processor
wnion 0 =)>- Norml.

It CmPTH_3.1O.PROCOK = FALSF
then LOP.CHK := FALSF ;

I1nP.COUMT : 1 3
end If ;

when 1 => -- Faulted
if CUPTR-3.InPROCmOK = TRUE
then IOP-COUNT := -1;

end It ;

Figure A8-2 Procedure ASSESS C LAOIELV3 (Sheet I of 4) ,T-
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when -10..-I => -- Healina

If CMPTR.3.1OPROC.OK = TRUE

then IOP.COUNT := TOP.COUNT - i

if IOP.COUNT <= -10

then IOP.HEAL := TOP-HEAL + 1

if 1OP.HEAL > 5
then IOP.COUNT := 2 ;
else I0P.CHK : TRUE ;

IOP.COUNT : n
end it ;

end i2
else lOP.COUNT := -1

end it ;when 2 =>-- ale

TOP.CHK := FALSE ; L
end case ;

case MUXCOUWIT is -- uX us ChecKs -- 0"

when 0..2 => Normal

It MUX-COUNT = 0

then it rmPTR_3,uUX.-USOK F 'ALSE .,

then ?UX.COIINT :: 1 ;
end if ;

else if CMPTR_3.MUXBUS.OK = FALSE

then MUX.COUNT := MUXCOUNT + I

it MUX.COUNT >= 3
then MUX.CHK := FALSF I

end It ;

else MUX-COIJNT := 0
end if :

end It ;
when 3 => -- Faulted

if CmPTR-3.MUX-8BU5.DK = TRUE
then MIIX.COUNT := -1 ;

end it ;

when -50..-1 z> -- Healina

it CMPTR-3.MIJXBfIS-Ox = THUE

tnen MIIXCOUNT := MUX.COUNT - 1
it wUX.CUTINT <= -50
then VUX.HEAL := 4uX.HLA ;

it MJX..HFAL > 6
then MUX.COUNT := 4 1

else MtJXCMK := TRUE ,

MUX.COUNT := 0 ;

end If ;

end if I

else MUX.COUNT := -1 ;

end It "

when 4 => Failed

CPU.CHK :: FALSE ;
end case ;

Figure A-2 Procedure ASSESS CHANNELV3 (Sheet 2 of 4)
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* case ACTP-.COUNT Is -- ActUAtor CheCgcS
when O..2 :)>- NorMAI

It ACTR-.COUNT
then if SERVO-3,ACTUATOH-ON = PALSF

then ACTR..COUNT :

end If ;
else if SERVO-.3.ACTUATOR_.ON = FALSF

then ACTR-.COUNT := ACTER..COUNT + 1;j If ACTR-CUIJNT >= 3
then ACTR-.ChK := FALSE;
end it ;

else ACTR.COULNT := 0
end it

end It f
when 3 => - Faiilted

It SERVO-JACTtJATOp~flN = TRUF
thon ACTR-.COU14T :: -t
ond it ;

when -50..-l => -- Healina

it SEHVO-3.ACTJATOR-flN = TRUF
3*then ACTP..COVNT := ACTP.CuUNT - I

If ACTR-.COUNT <= -50
them~ ACTR-HEAL := ACIR-..EAL + 1I

if ACTP.HEAL >2
then ACTR-CINT :4
else ACTR-.CHK :2TRUF:

ACTR.COjfNT 0
end it

end if
else ACTR..COIJNT := -1
end If

when 4 >- Failed
ACTR-.C'4K 2FALSF

end case;

IV.

Figure A-2 Procedure ASSESS-CHANNELV3 (Sheet 3 of 4)
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rase LVDI..CUUh? is -- LVO? sensor Checkrs
when 0..3 a> - Normal

It LVOT..COUNT 30

then If SERvO-.3.1.VDT-.VALXT z FALS.

the.n LVDT..CnUN? :a I
end if IU

else If SERVO..).LVOT..VALTO a FALSE
th~em LVO?.CflUNT :u LVODT-COUNT

it LVLI?.CQUNT )-4 4
then LVOT..CHK ta FALSE I
end it ;

else LVDT-.COUNT :x 0
and fIt

end It
wnen 4 => Faulted

It SFRVU-3.LVUT.VALlD a TWL j.

thenl LVDI..COUNI Zz -1 1
end It

when -5O..-1 M- ealinq
it SFHVO-I.LVDT-VALID z TkUE
then LVDT-CQOJNT :a LVDT..rUUNT - I I

it LVDT..CfuNT <x -bO
then LVflT-.1IAL :a LVD?..HEAL I

It LVOT..HkAL )2
then LVLIT..CQIJNT :a b
else LVOT-CO'K :a TRUF r

rmr-..cwj~f4 cc o
end it

end if j
else LVD?-CGUNT sa -11
end It ;

when b x), rallea 0I
LVf!T-.CHK :2 rALSE s

end cdae j

ChNL-.STATUS-.VJ :a CPJ..ChI and IOP..CHK and MUX..CWK and ACTi..CHR.
and LVDI-CHK and SERV.3...PO.aN..AVALIa'

No N-Version Vote laken Because Status Is Unique to each LIhannei

end ASSLSS.CHANNEL-W]3
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Ada PacKage CHNL3ASSESSMENT.V3
----------------- m -----------------

nackage CHNL-3-ASSESSMFNT is

CPU-COUNT : INTEGER range -10.2 := 0 :
IOP-COUNT : TNTEGEP range -10..2 :n 0 ;
MUXCOUNT : INTEGER range -50..4 :: 0 ;

ACTRCOUNT : INTEGER range -50,.4 := 0
LVDTCOUNT : INTEGER range -50..5 := 0

CPUCHK, IOP-CHK, MUYCHK, ACTP.CHK, LVVTCHK
: AQnLEAN := TRUE ;

CPU-HEAL : INTEGER range 0..5 := 0 ;
ITUPHEAL : INTEGEF range 0..5 :: 0 ;
MUXHjAL : INTEGER range 0.,6 :0
ACTRHEAL : INTEGER range 0..2 :: 0
LvnTHEAL : INTEGEP range 0..2 := 0 ;

DO

eni CHNL.3_ASSESSMENT ;

package body CHNL_3-ASSESSMENT is

null ;
end CHNL.3ASSESSMENT 

wk

Figure A-3 Package CHNL 3 ASSESSMENT
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Ada Procedure GIVE-STATUS-V3%
-----------------------------------------------

with VrITING-.PLANES ; use VnTN(.PLANES;
senarate CDFCS.LOGIC)
orocedure GIVE-STATUS-.V3 is

beqin

ANgNUN..V3.FLY-Q.LTY := FLY-.UIIAL-.V3;
case MODE-.ENG-.V3.AUTOPILOT is

when LIFF =>
ANNUN-.v3.AFCS-.STATUS :2AFCS..DSIENGA(GED ;
ANNuNJ..V3.AL-PRflG.DTSP 2(1..5 => FALSE) ;
A,%NUN-.V3.AIJTOPILT-.MfDE :2UFF;

when AUJTOLAND =>
If AL..PHASE-.V3 =AUTOLAND-..NnP
then ANNIJN-.VI.AFCS-.STATUS :2AUTfJPILOT-ENGAGEU;

ANNUN..V3.AUTOPILUT.yUn. bASIC;
ANNtJN.V3.AL-.PRO(..DISP :=AUTOLAWiD-NGAGLD. :

else ANN[1N-.V3.AFC5-.STATUjS :2AUTOPILlL.ENGA(F)

ANNIJN.V3.AUTOPILUT-M~ODE :2AUTOLAND

case AL-.PHASE-.V3 is
when AUTOLANO-INOP =>

ANNUN..V3.AL-PROG.'ISP :=(i-5 => FALSE)
when AUTOLAND-ARMFU =>

ANNUN-.V3.AL-.PRO(..DISP : I =l > TRUE,
2..5 => FALSE)

when CLIDESLUPL..TRACK =>
ANNUN-V3.AL.PRUG.DISPC2) :=TRUE ;

when DECISION-.ALTTI!JDE =>
ANNUN-V3.ALPROD.niPC3) :=TRUE:

when ALEkT-ALLTUDE =>
ANN!JN..V3.AL..PRU%,.DSPC4) :2TRUF

when FLARE =>
ANNUNV3.AL-PRUC-.DISPC5) :=TPUF

end case
end If;

when others =>
ANNUN-.V3.AFCS..SIATUS :2AtITOPILflT-..NGAGFD:

ANNUN..V3.AUTOPTLOT..MOUE :2MnlLF...NG-V3.A1TOPILDT;

ANNUN..V3.AL...PNOG.DTSP :2(I..5 => FALSF
end case;
CHNL-.3-.XCHK..NUM': 2:

* ~XCHK..SYNCH.3;

end GIVE..STATUS..V3;

Figure A-4 Procedure GIVESTATUSV3
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witn LHNt.-.3-.AL..CTEk ; use CHNI,-3-.AL..VOrEK
wit OFCS-.LWIC ; use GFCS..LUrIC, s
%itfl vCrThr.PLAiUFS ; use v TTNC..PLANFS

Proceaure mARACL-AL...S50n5V3 Is

rS-fLAG6...N, cscumy-.iN, Gs-.(,mp.uiir. RA-F.LAC.S..IN, X A..C^J -IN,

QA..COAP..OUT suflL-vFCTUR(l..4) ;
N4A-LAr5-l.N, NA..CU'4P-..±N hA..CUwPIJ-.JT

rS55GNALS, RA-.S5GNALS : REAL..VECTUP(1..4) ; -

NA..OTGNALS :REAL..VECTO3R(l..3)
C.S...D, NA-MFU. RAME : LOAT I

Pfor INCLY in l..4

PAflArb-1N(IN~DEX) AL-fLA(,.AUAL-AL(1NUFX)
* end loop

for ThD0~ In l..3e
* loop

NA.FlArS..1N(IfL.XJ AL-.kLAr5s.h-.ACCEL.VALCINIJFX):
Pn6 loop ;

rHAL-!AINU.JLACS.-..1CSil, 1, 4) ; - nece Sersor
CnK.AL-LAr5-j.N(NA-LA(5-V.p, 2, 3) 1 -Flay~ iP~ut
CnK-.ALi1ArS-N(PA.FLAGS.Ir. 3. 4) g -Vd1±ditles

for t~rt.x in 1. .4
loop

RA-5.SIAL(lhDLkX) FLMA?(RAO..ALTLTUDL(jNDFX))

moO iooP I

for L',DLX in 1..1
1000

NA-ZiSGNALS(INLUFX) :z LOATCNC0K4_ACC(!NDLX))
e~d 100P

VUPtA1-StS5R5S..-TNAL5, 1, 4, GS-A#EU)

AL-AF1.-V3.Gb.1rV :2 PL4A-DEV-b!uNAL(G5-.mCEI) ; b- lect
JENL-flSNA..6CPA-TGAS., 2, 3, NA..MFO) ;- mpudn 1.

AL..MFD-.V3.N..kCrL im ACCELSTNAL(NAFU) ,ensor

VUTEA...ScnS(A-5T(NAL5, 3, 4, RA..mrr) i z. l1rals
A6mwV.A AT: RADALT-5%NAL(A.mED) ;

Figure A-5 Procedure MANAGEALSENSORSV3 (Sheet 1 of 2)
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e

r %.

it MY-.TUPN tren
rtIAILT-iwJ;IC(r.-bTtNALb. (rS...t4, 1, 4, GS-.COMP-.OUT) C - omp~are

r"K-AU.TLUCIC(NA.sI(NAI,5, NA-.MEL). 2, 3, NA-.COMP-.OUT) ; - Inruts 6
rnKA1LT.LoCC(RA-bT(,NALb, RA-MJEDi, 1, 4, RA...CmP-.nUT) 5 -cnee .1

01-l~N := ALSE ;
else ?.r-UPN :=TR~lL
end1 It 

%

for IrmPLX In 1. .4 
o p r t s

A6_Cnp~i..VGI5.REAM.VALC1NL)EX) := S.CUI'P.UUTC INDFAl I'

for TNDtX in l.-3

loop
AL-.CDMP-v...jAD..AL1..VALC INLEX) : NA.CUmP..UUT( INUFj F

en'd loop

ChN4I-..-xrdx-..um : 3;

XC4K..bYNriI.3 C -(all for N-version vor~e

ofld WACf..At..SERSIrI(V3

A-11.
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PaCKaqe CHNL-J-.AL-.VjTh.R

PacKage CNNL-..AL.VOTkR is

AL..CfMP-.COUNT :array (l..1..4) ot INTEGFP ranae O..b N,

AL-LAG-.COUNT t array (1..30 .4 fITV ao -S..b

AL-.FtAG.TN array (l..3. 1..4) Of bOO".AN %'

AL-.COMP-.OUT array (1..3, 1..4) Of br3LE&N
3z (othIers z> (cners 9), TRUE))

MY TlJFN I bflULLAN
NUM-..SLN~inRS t INTPFF4 ranae 3.4 :z4 43

NUM-UTE i ITEC FR ranoe O..4 a. 0
SE-u INTIGER range 1..3 as I

type BflOL.VLCTflR Is array CINTFGEH rance <>) of RUnaLrAN I
type REAL-VECTCR Is array tI'JTFGER tfltQ 4'> of FLNOAT;

Procedure rHK..AL-FLAGS..IN(AL-F.LAC In 80L-VCTnR ; TNUM
iUM-.SLk;K3L,~ in INTFGEI4) :%

*Procedure VOTE-AL-SLNSOkS(AL.SFNSORS In REAL-VECTUR .%
SET-N.UN, NUN-.SENSORS : in INTEGER I N

AL-s.SrOmMLD I out FLOAT) I
Procedure CHK-AUL.J.0CICIAL.SPNSRS: In REAL-VLCTOR%

AL..SrNSOR-WElD f in FVAJAT ; SET-NLUM, NUN-5ENSOSS
In INTFGER 5AL.NCUI'I'.AL :out BOUL-.VECTOR)I

end CHNL.3..AL..VOTER I

A-12
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VdeKagP bodly CHNL ..AL-.VOTERIs 1

orocPoure Ci1K.AL-.FLA(~..1N(AL-F.LAC~ :in bOOL..VLrTOk ;SET-.NUN,

b0QiMNUM..SEN5OIS : In INTEI.EN) IS

for TNflEX In I..wU*-3SLn~RS
loop%

case AL- LAG..COUNT(SET-M.UN. !NfLCX) Is .d

uflen 0 a)- - 4ormaeJN
It AL-..LAG(YNDLXJ a FALS. % 0

th~fl AL..FLAr-.COUN?(SET-MNM INDEX) :a I
end It

wmen 1..5 *> -- 7uited
If AL-FLA((NDLX) a FALSL e
thlen AL-.FLAG-COUNT(SET-MN, INDEX) is W

AL-LAC-r.ouNT(L...4Um, INDEX) * 1;
if AL-FLAG-CfUNTCSFT..kUN. INDEX) >9 5
tflef AL-LAGIN(S.T-.NUM, INDrX) :w rALS 'V

AL..TLAG-.CUNT(SIT..NUM, INDLX) :a -1
end it

else AL-.FLAG.COUNTESC?.NUm. INDrx) :~0

end If I
unon -S. .- a .. Neino

It AL..ELAGC(NDES) a TRUE
LEflM AL..FLA...CU1JN?t5k;T-W.UU, INDEX) :a%

AL..FLAC..COUkTCST-.NUM, INDEX) - II
it AL.,VLAG.-COUNT(SrT..NUN, INDEX) <a -5

tnen AL-JLAG-.IN(S&7..NUN, INDEX) :a TKI.L

AL..TLAG..CUVTC5ET..NUM. INDEX) :x nl I
end It i -

else AL..TLAC.COUN?(SET-NUm, INDEX) :z I a

end If I
ervi ease

end loop I
end CHF-.AL-.FLAGS-.14 i %.

A-13
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oroceoure VOTL-AL-5L ( S(AL..SPSUP4 Im R L..cCU. I SL-4U-. ,
riUN-bF~NSORS : In TNTLGLR I AL..5FNSOR..MED : Out F~LOAT) is

SIT...ANVING :array (1..4) of tIN.Ck.R rdnye 0.-4 :x (0, 0, 0. OJ

V t array Cl..4) of FLOAT :a (0.0, 0.0. 0.0, 0.0) 1

TFMP : LOAT :x 0.0 1

NUM-.VOIFS :9 N1iN..SFN3UPS ,'
for LN07X in 1..Nim-.SrNSRS
1000 %

It AL-.COMP..,fU?(SLT-.NLJM, IML)PX) x FALSE J

th~em NUm..VUTkLS :z .MM-VOTES - I I

Ilse SET? ANKTftC(T,~nCX) :z y3fL~XI
ena It r

end l00op ; f *NI3.V~~
tor INDFA I .NI.nF
1000 

%

tor C34NL.NUM in !NDEX..4
loop%

If CHNL..dUM a SFTRt.IANKLP4GCC:HNL..NUM) N
tnen W(INUEA) :z AL-SL bkS(CH4L-mUA)
exit ;
end I

enMd 1000 
p

end loon3 1
case MdUM-.VOTES Is
When 0 X>

null
when I Z>

AL..5LNS0Ik...ND :2 V(l) .-

whom 2 a>
it V(Il <3 V(2)

else AL-5SENSO-mED :a V(2)
end it I

whomf 3 Z>
It CV(2) <2 V(l) anel V(l) -(a VlSI) or

(V(3) <2 V(l) anti V(l) (a VII))

then AI,-SFNSOP-MED Ix Y: VI
elsit CVII) <s V(2) and V(2) <= V(3)) or

(V(3) <s V(2) and V(2) (2z V(I))

them AI,-SFNSUP-~Ln :a V(2) I ~2
else AL-.SENS0P..Wkn :2 V(3)
end It

.mem 4 s
for T in I..NUm-.VUTES-l

ta0 fr J in I*l..MuU..VOTk.

It V(T) >z V(J)
thent TEMiP :2 V(T)

VI?) .2 VJ)
V(,Y) :z 1*LmP

end It Y
end loop I V.

end 1o00 1

AL..SLNS504..MFD :2 V(2) 
FI end case 1

ond VUTE-.AL..5LNsOnws

Figure A-6 Package CHNL -3 ALVOTER (Sheet 3 of 4) L
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F LA .Mq A f X9 WK 99 ' VV MW b F"1 W

%

odFCedUrf ChK..TAULT..LOCIC(AL.5EthS0PS: In REAL..Y~CTOR
4L-SNSP-PED.I : in FL.OAT ; SET-.NUN, NUM-USNbOI4S I
In 1NTrGEp ; AL-.CUhUP_.VAL ; out b0OL.VkCTlh4 is

AMPL-.LM!T iarray (1..3) Ot FLOAT%
iz (I *> 0.050. 2 8> 0.C025)

MAX-.CT I constant Arrdy (I..]) of INT CEP (5, 4, 4)

becin
for I~ntLX SIn I..NUm..Sk.NSD4S .

lopIt SFT-.NUM z 3
trnen AMPL..LIMIT(3) :z n.fl2* AL...SEMSOR..MEf I
end it ; .0.
case AL-CORP-.CnUNT(SET.kUM, INDLX) is .*.4%

Wnen 0 a'). LSNSP.M~ N.ormal
It DsA-ESPmD- AL-SENSUPS(INUEXI) >a

A4MP L.L IMU C SFT.h UM)
th@M AL-.COMP..COUN?(SET-N.M, INDFX) :a I *
omd It I

Whenf 1..5 X> AL-N.S(NE) >a gUited e

it Aos(AL.SFNSOP-%.Ll .,%..,pOSINF)))

then AL-C.CrlQ...0,N?(Stwr.NUm, 1P0FX) :
AL..COMP.COUN(S.?...UI INDEX) + I
It AL-.COmp_.CnuMT3FSPI.NUM. INDEX) >a NAx..CT(5ET-hUM)
thien AL..COmP.OUT(SET-.NUM, TNflEW) :a FALS1 I

AL..CO'Ni'COUNT(SEI..NUM, INDEX) :a 6 1
end it2

else AL..CaMp.tO11Nr(SET..NU", INDEX) as 0 s -Recovering

end If Ie

end case l -PIe

AL-COMP-VALEUNDEX) :z AL..CnmpOU?(5S?..NUM, INDEX) or .

end loopAL..FLAOCI- SE..NUM, INDEX)

end CHK..TAIJLT..LOGIC S

end ChI4L-.3.AL.VOrER i lS.

Figure A-6 Package CHNL_3_ALVOTER (Sheet 4 of 4)S

A- 15



Ado Procedure rAi.c.Aii~oLAioD.vj

w~,tn Al _PE5wllkrL. 1 11 AL...,FIOUPCF3
vitrm LCS.,LLCiC : use OFC4..Ll%.C
wltn sFCIk.L5(,h4C&5 ; use flkC5 "FblUpCEz
witfl vnfTItG.PLAftFS I US@ VUING..WLANES

SetarTe(CnN~hL_LA*';)
Drocedere CAI,C_.AUTflLAhD..V3 Is

east MnE_.ENG_.VJ.AUTI
5 LAhf IS

wnen C~r-a CAT.2 I CAT..JA 2>
It TNITYA1.17. a t*ALAk
tmefl AL-PIASL-V3 :a AtILr'LAN.ITrcio Ol

ALIES.."LnfIAN(I) :a FLUAr(AL. LC.Vj.L.s4'.v)
ALSIF:4S_"kDIAft(l) :a tLA(L4DlmACL I

AL_5NS..LDIAN(J) I: LIATCAL.mLO.V.SAJ.ALT)I
- *_SFt5.m.LlAhCq) I:FLUAT(IL unV)PRA~
CALC..AL...rLI1,(AL.5L45..FAN, MOO kNG..VJ.A0TLAr),l

At.-PhASF_.V3, AL..lTEkhG.CMD):
TNTTTArIZE :z TRUCj

emuO if

CSLCK-SUB-CmnUIFE...ENG-.V.AUTU.LANO, RAfl..ALT. &L..PhAQE..Vi) I
AF_.SM5_MS.MlAN(1) ls FLOATLAL_MD_.V3.GS...AFV)

AL_..%E%5_mF~l1AN(3) :x PFLOAT(ALAFa.V3.PAD_.ALTrI
AL_5LkN5...!4UTAN(4) :z FL.OATtrL..MrD_.V3.P..RATL) I S.

CALe..ASLFntiCAL-FNA-!hnIAN, %UOLEN4;_.V3.&UTQJLANLJ,
AI...PHASL..V3, AL-STFLftING..C"D) 5

AlITOLANO.CMn_.V3 :9 PITCII.C MAntf(ALSTEfINGC~n) ; .-

uflen Jv a>
If INITIALIZE = TPUF
tmem ALFH~ASL..V3 :3 AU~flLANl...NOP;

AL..SFAS-NEIIDAN(i) FLfjAT(AL..mLVV...S.nEV) ;

A5FN..QmLDIAN(3) *a FLUAl(AL_ L%~.V3.iAAtI % 5

AFNsS.M4DIAh(4) := FLUAT(L.ML.V3....AATrj;
CALC-AL-.Sl:kRN(AL5LJI..MELIAN, MrFE(,VjACLh)

AL..PNASE-.V3. AL_.STk.FTtvG..C4P~
TN4ITTALIZ. FALbE

emo if
ene~ cast-;

rh?.4 ; .hM.m.

end CA[IC.AILAhD_.VS

A-17
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.......... .r. -.. .

witrr DrCS-.fUGIC I use OFCS-.~Ln(.TC;
uirt UFCS.PESOURCE5 ; use DFC5.-ES0URC: ;
oaeCage AL-kCbnUMCFS IS"

-- Siqnai ShapIng Filter roettlclents

-- Filter I : 411-aSIOPC Oeviation Low-Pasl

gs1.i(. 6S1.I'ML constant zz 1.0/6.UIJ
GSO.KMI I constant ;z 3 0/4.0 ;

-- rler 2 : Normal AcCeleration High-PaSS -
a-

NZI.KMI : Constant zz -900.0/101.u

NZO..KI I constant in 009.0/901.0 ;

-- Filter 3 : Altitude Acceleratinn L o-PSS.

H2nl. , H20.IMI c constant :x 1.0/i2.0 I

U2fO..KN I constant ;x 9.0/11.0 y

-- rllter 4 ; Raalo Altitude Hion-Pass

HI. constant :2 2O.n/IL.u

HI-KM1 IConstant :2 -20.0/11.0
HO.K

M  I conStant :9 Q.0/11.U

-- Filter b : GlldeSIoPt Command rFder

AGSI.K. AGSL.-KI 
% 

onstant :# .06L.u ;

AGS3U..I t constant :3 b9.0/61.0 -

rlter b i Command Hate Limiter I

RATLLYIT Constant :: J.0

-- Fllter 7 : Pltcn Hate Error Fader

Pk L., PHEI.K"I I constant : I /U.J ; .0 11

PRFO.-AI constant :9 29.0/)1.0

-- Filter d I Altitude Acceleration Integrator

H2DAT.K. H2DAI.Ml constant :x l.Q/200

H20A.MI c constant :z 1.0 1

IS

Figure A-8 Package AL RESOURCES (Sheet 1 of 6)
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P

G- ain bcn.OjLes

Giiapsiove Desentildtion Cha~n (60 to LOG0 FT.)

KGS a constant :z 1.0/9400.0

Fl Pare Command Gain (-20 to bm FT.) % 5

KFL Constant :a -0.0/0O.O j5

-- Control Law Variables

GS-EPN, GS-LkRR-.LP, I.S-FkP-...
DEL-N..Z. N-.2UOT, 4-.20OT-.AUG, M-7LnT-L.P.
MkA, IIPA-..P, ,t..DOT,

MO?.CS. H...fO?.T-P.. M-.LIoMT-AGS. M.D0T-.CMflI,
H..0UT..CMDZ, * N..U?..EHP,
Pm-.CwD, PP..CUD..LlN PP...C~I FLOAT I

Fi liter memory Variables %

0ILM-G.S..&R, OLfl...5-.EPR-.LP. OLD-DFL-NZ, OLD..?i.200T,
flLO..42DnT-LP, OLD-M-M%01.ALC, ULU.a....QT-R..it OLD..MK145.
('LD-MkI~A..4P, OLO..M..UT_.AGS, ULDPH..ERP, e

nILO..I'OUT..CAD f t PLnAT %

-- teslooo/Autoland Progress trio Points

ALT-A.LF-..1 coosrant :2 20O.M ; 5

ALT-REF-..2 : constant :8 150.0 ;

ALT-RLF2 Ieonstant :2 100.0 1

ALT.PCT..4 Iconstant is bO.O

tyoe SENSOR-.VECTON I$ array (t..4) ot FLOAT
AL..bF1.S.mLflAN I SLN~S..VECTOR I

AL..,STLER!MGCOD, PITCH-.RATE, RAO-.ALT i FLOAT

INITIALIZE I BOOLEAN :a FALSE

ormcPdure CALC-AL- 'TEEPING(AT...SENSCH.,4FDS in FSJ.-VLCICH

SLL-AL,.?qfDF ! In AL..CATLGOPI MnDE-STATu.a

in AL..PNrGPLSS ; PTTCh.AL.C,4 out FLr)ATJ '

oroceoure ChECK.SuP.mOflLCSL-.AL..MUOL : I &L..CATP.ONY
PAn-.ALT in FLOAT AODE-.STATUS wf

In out AL..ppfGRL55)

ormcedure TNYTTALIZL..FILTLPS
Procedure CALCILATF.CLIL)rSLUPE
Oroceaure CALCULATE..FLAxF j

Dricedure FA~kR..L1"ITLP Y
Proceoure RCT..FILIFkS i .

end AL-RES0URCES;

Figure A-8 Package AL RESOURCES (Sheet 2 of 6)
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aw , WI ' ~ W MUW6

VdC~Q* 10elyAL-PSUUWES i

OaKA. od ARESJ 4k ALSLN0-ES

UEL- S At! 5EW50R-.MFDS(2)
HARA :z AL..SE4SnR-..FDS(3)
PITCm-o..ATF :z AL..SkLdSOA.MFDS(4)

case SFL-.Ar-w.UnC IS a

whenf CAT..2 I CAT-3A 2>
it MOFSTTl a AUTflLAND-.TNOP
th~en L'4LTIALIZ ..PILTFIKS

olif NUL-...5ATUS a FLARE 2
then CALCULATL-FLARE I
else CALCULA~TL-GLLOLSLOPE I
end it 5

whlen CAT..1 z
it MODF-.STATtJb m AIJTnLAhn..T~rp

then 141IALI!ZF-FILTFRS i

eIsif "OnL..SAUS a tGLTDE5IOUPL..TRACK
rhen CALrIALGIDL.SLflPF r

eiSif MOrDL-.STATUS a DkCIsjnN-.ALTTTIIDE l

th~en FAUrH..LXMTERI
end It P

When orv 2>
RLSLT..F1LT~rMS

end case ;
PITCH-AL-CMD :8 PpRM I

end CALC-.Ar.-..TECPIN6 I

A-20



oroceaure rCmSUB-UDL(bL..AL-ODk In AL-..CATECMWY PAD-ALT
In FLOAT I AODF-.STATUS in out AL-.PRUGHESS3 Is

cast SFL-AL-MODk. 1s
when CAT-.2 I CAT-.JA 2)

case MUDL..STATUS is
wh~en AUTLJLA4D..INOP 2>

MOflL-SATUS := AI)TnLAh)-.ARmLD
ohe99 AUTULAND-.AA,4FD =>

*Uflt-S.TATUS :z GL~flLSLOvF-TkACK
whomn C.LTDESLUPE-TRACK =N

it SEL-A..'OnL z CAT-2 and then PAD-.ALT <= AL-~-

thlen RODE-STATUS := DFCISION-.AL.TITUDE
elaif PAD-.ALT on ALT-..IEV.J

thenl munL-5TATUS := ALERT-.ALTITU~DE
end It ;

when DECIS1COh..ALTITUOP I ALFIHr.ALTITUDE a
It NAD-.ALT 4= ALT..RE1..4%
th~en MODF..STATUS F LAI!F
end It

when FLARE %

null*
end caseI

when CAT-.1 a),'

case MODE-STATUS Is %~

when AUTOLANU..INOP z>
NODE-STATUS :a GIIDLSLDPE-..HACK I

%men GL!DFSLOPE..TRACK a),
It HAD-.ALT <z AL?..P.F..4
then MOOF-T..STUS :x OLCISION..ALTITUiDEt
end If ;

when otners a>
null

end case i
when (JFF a)

null I t
end case

end ChCKSUB-".OO1
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* oProceaure rhyTrALIizE-FTLTER5 is

JWDDF0L..NZ := DFL-.NZ I

H..2nUT : 0.0 *
ULD-M-.2flUT 0.0 ;

uLD.JIRA ?iRA ;
4. NRA..HP :20.0 ;

-~~ uLWi..RA.44P :s .U ;

end !NITIA[.IZL-FrLTEPS

-~ nr~ceaure e'ArCULATI.(.LI0FSLUP IiS

GS..L~k-.LP :3GS0.hIMi9ULJ..GS-.EWR-.LP+

0.I-m*r.D-cGS-R * Gsr- *5-ER
(5..CRH...s :z 0.1S(.S..EjRLP

*6~It IIRA <1600.n
tnen GS-FTHR-.5 :z (HNA-60.0)4K( *GS.RR-D.S I
end It ;
M...?LnT :=NZO Kp61*IU1...h2tD0T

NZL...Pmi9UUL3DFL-NZ + NZ!..KODEL..NZ;
00-nL..4Z :: OL.N? ;
H-2UOT..LP :~H2Dm_.KmI~nL..H.2L)OT.LP+

N42DI-VIM19nL0.H..2O0T + H20t..K.H..2IrT;

nLn-M-2DnT :2 H-.2nUTJ I

4. 0~LD..H-2D0T.AP :3 ..2fl0T..LI
MI4A.HP :=H0Kl06HAP +

HT-.KMI~nL0DHI(A + HI.K*HR~A
OLl..HIA : HPA ;'
OLO...MHP :x NPA-htP
H-nflO :a H-.2D0?..LI + IIRA-HP I

M-.20flT-.AUG :z H-200' - 2rS..RR-.DS r
H.00I..ReP :z H2UA0.-Kmi0LU-~Ha.DflT.REF+

H2DAT..KMlSOLnH-M2DOT-AUG * H2DAiIK*H-2DUT-AuCI -

OLD-HlT.R.P H.DOT...ItF
C.. 0fl4-20onAUG :a H-2nGlT-.AUr t

6 H..fljl..AGS :2 H-.DOT-.HR - GS..rpR-D.S

M-(J-CDI :2 H-ODfT...P.F
MLD--OCMOI := H-.DnT..CwOI
H-O.UT-.CM02 :a -fl.0 ;

H-D.OT-E.RR :z H-n.rfT.CmOI + 14...0T.CMfl2 - .DOT
PR..CmD :z 0.5*m-.DOT-LPR ;

if *os(pR.CmnLI4 - PR..CMD) >= RATE-.LIMIT7

4Cn en if PR-.CmD > 0.0
tnen PH-.CMD..LTM :z PH.CwD..LXM + 0.3 ;

'a else PN..CUO..LTM ;z PR-.CMD..Lrm - 0.3 ;

end It
else PR-CMD-.LIM := PP-.CMD I
end it ;
PR-LR4 :z PR..Cmnl..LP PITCH-.RATE I

ond CALCULATF-GI0ESL0PL

%

Figure A.-8 Package AL_-RESOURCES (Sheet 5 of 6)
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b~q*1

H-2DT NU-Km*0L-h-20T

NZI-MI*OD-DE-NZ+ NZK#.1-N

On--2OfT I=ZU...T ;SL.j1.ZO

OLDHDCT-..N :2 H-L...Z I Y

HRA-.HP HO..KM1*aLD.HA-H.P +
HT-.KMI90LD..HRA # HI-KW(HPA

(OLD..HRA :z RA ;
OLD-HIRA..HP 2:HPA..P I

H-22 1 N..2f07..LP + HRA..rP

N..DU!..CMD1 !2 ppEfl..KM1$OLD.H.flOCmnl Facer

OLD..M.DUT-.CMDI I= H-.UfT.CMUI
N..DUT-Cmfl2 ta (NRA + 20.0)*KFL 4-

H..DUT-.ERR :2 ..DOT.CMDI +H..DOTCMD2 -HDOT;
PR-.CMD 20.5*H-DT-.LRk ;
It ahs(PRJrM.LIM -PR-.CF'D) >= RATE-.LIMIT
then if PKCv 0.0

them PH..CHD.L.TM ;= PH..CMO.L!M + 0.3;

else P14..CMLLX :z PR..C"D..L.M - 0.3 *1I

e Md if Ielse &.R-.rmn LIM =PR-CMO D
end if

PH.A.RH PR-.CMD-.LIM -PITCH-.RATE

end CALCULATE-FLARE

Procedure FAflER..LIMITER Is
beam

H..DOT-.CM2D ::pRfl..KMI*0LD-H-DUT-.CmDli

PR..CMO t: H-D0r..CM0l i

If abs(PP-.CMD-.Lim - PK..CmD) >a RATE..LlmIT
then It PH..CxD > 0.0 4

then FP_.CMD..Ll := PR-.CmP-.LI'4 + 0.3
else P14..CMD.LIM :2 PR..CMO..L.M - 0.3
end it 4-%

elme PR..CMD..LIK :a PR-.CMI2
end If ;

PH...kR :z PR..CmD_.LIM PITCH-R.~ATE 0
end FADER..LImITERj

vroceaure Rk3&.T.FILTPFRS I&
beqm

C0Lnm:s-ERR :20.0 ;
OLD-r(S..ERN..LP :20.0 ;

n~n-LL-: 0.0
flLD.H.20flT ::0.0 S
OLn-H-2D0?LP 0.0 U.

OL0-4-2DnTAUG :z 0.0
'LD..H-DOT-P.EF :=0.0;
OLD-.IRA g20.0

'JLD-.IHA..P 350.0

OLP..,2...OT.CMDI1z2 0.0
OLD..PR..RR (z 0.0 1.

end RESET-FILTERS

end AL.IRESOIJRCES I4-

*4%

Figure A-8 Package AL RESOURCES (Sheet 6 of 6)
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Add Procedure MkNAGFL-bN5UI5-V 3

With CHNtI-..L-.VnTFR~ use CHNI.-)-1L.OTFI
with. UFCS-.I.U(UC ;use LUrCS..LUClC
wlith YOTING-.PLANFS ; use VnilINC.PLANF5i
stodrte C5-PSUIk~.S)

prmceaurp mAP4ArE-j1 SkN~iH-Vj is

rFSK-' A r .,, P-.S II.'L A ..S. Af)A- . rS,
CpSTKCrpP, P-.STX-.Cu'mP. AVG-.AfA-CnmP FRuOL..FCTUQ(1...)

TAS-FLA.S, rA.%.CUMP . 6uOL..FCTUR(1..2)

CF-TIK-SjLuA,5, P..SIK.SIC.NALS,
A V A GA -AL I A LS .PEAL..vFCTuR(I..4)

P-AL-51,NlALb t PLAL-V ICTuR(..a)
?AS-SIGNS R6AL..VFCTCR(I..i)

P..PATL-mFUt, TAS..mLr F LOAT

be i i'

for INPLX Inl 1. .4 -- input Flag Type C'onversion

CP-..TKt!.AraCXNCF) TL_.F,A5.CP-STI(.VAL(1NDEX) 3
P-.51K-.FLAG5(TINtVkX) TL_.F.AC..PTIK.vAL(iNo~x) ;
AUA..FLAGS(ImnOI) tL-i.LAC.S.LF-AOA_.VAL(1NDLX) and

if INVE.A 4= 3 thaen r-LG.TAAVLrDX

P-RATLFLAC(NUF'X1 TL-F1AG5.P-kAIC..VAL(11tDLX) ;
It INEIJA <= 2 thlenP
TAS-FLAGS(NlLx.) ;:TL-F,AGS.TA5-VALCINuEX); %\

end It
e nd I t

end loop ;

CM~TTL.d~YA~(C..SK..7AGS -. Input Validity Flag Cf~eCKS

CnC-L ASFz FAS 2, 4);
CnELX-L.LArSCAlA-?AG'5. 3, 4)
rFl1C1L-f.Ar5(V-HArF-FLAGS, 4. 3) %

cHCV.ILAG5(The..fs-LAGSi, 5, 23 %

for TNIVLX In 1. .4 -- ensor Slan i Type Convr~esion
loop

* P-S.ASINALS(INUFA) : nATrCP.STCW-.C"D(lNDFA));
SIK..l~r4 L.~(ID:X FLnAT(P..STICK..CmrL1NPLX))

AirAUASlNASONrDEX) ( T.LAT(LFFT.AUA(IwDFlX)) +

it I'41X <= 3 the.n
P-RATL- ;EGP!AIS(lNDFA) FLOATP-ATLGY~r(TNDkL))

It lPlarx <= 2 thnn
TAS..SIGNALSLTNDLtX) :2rLOA TTUL..A1bSPEED(1NntX))
pnd It
end it

end lomp

Figure A-9 Procedure MANAGEILSENSORSV3 (Sheet 1 of 2)
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If

m-~edian Sinnal selection N

rnK..E-IL-t..rSr,1ccp..r-A ..s7G-NALS, CP...T.~ 4, A4. DAME;

VnK7AITI((P...P(D-ATL.Sl1GNALS, 4,.~kD 3. 3, P..RAT...CMPO
rKUTLT.L56NGI (TAS.SItnhALS, b, 2~a, 5.-MD I.TS.~.''

for ~ ~ ~ ~ - mNC ni. -Cera Selecit ut~uts

TL.nN.V3C. S T.AI.TCmuLP-T-OD ;: -e.S O'PIDA
ILMF-V.CoP-5T 3p..?..AL±rK bTISTK..CONP(TKtMEXJ ;
ICOMPV3.AVAGACA..r * AnA-.5NAI :z rAVGAOA.CON(INL

%_ LF0- C3lP_ P ..V3.h z. A NG-.Af4.!N Sk) ALCP-ATT..CMP(XDP ,I

tL..CrPPP.3CAS.TxYpFD: ASLPJ .A LA-~ : ; NA..OP(heX
-- Cooaraor Lqlc neCK

end [IT_,QI (PLT -S~ A5 CISK ND ,4,C -T -~ P

lod o p

It INDEXS<z 3 then

Pnd ItG L.~NOS.V

end~' lop

Figure A-9 Procedure MANAGE IL SENSORSV3 (Sheet 2 of 2)
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CdCKaSP rrLJl-UL IS

9NUYS&Nbas : INtrtR rdnge 2..4 2
PIum-.Vu1%,5 : INTLGL.R range O..4 :20

StT-N'O : INTEGEiR range I..h r.

t~oe bnflL..VTMH is array (IN'TLrLR ran'jc <>) esr LswjLAh
t-re KFAf.-VLCV~lH Is array (IhTtLP range <>) at ttLuAl e.

7L,_ns#.-C~ltqT Array (I. .%, 1..4) of INTL(",LP tanyJe 0..1
:= (others => (others => 0))

tL..U.AG.CUIINT Array (1..5, 1..4) at rNTEc.LP ran't -..
k otners => (others => 0))

TL..rLAG..IN :array (1..1..4) ot Bu0LEAN
(otrers 2> (others => lkuF))

T6-CluP-LluT : array (1..5. i..4) of BUOLEAM
:z (others =) Cotners =) fPuE))

ore-ceourp CrIpCK_.T -LAnIE.FLA6S :in bOoL-.VL.CTfR ; SETf.NUA.
ml;M5FhSo. ; n INTEGER) ;

Drocpaure VOTL-..S6 Ib0HS(TL..bVN5UR5 ; inl P6AL..CTUR SSLr.NU
1 E,

MuM-SLN X0S : In INfE( Fk ; ILSESN :V out FLGAI)
P rocedure CHVFAtII.T-L("lC(IL-5SFN50RS : in REAL-.VECTOR IL-SNSUR-MLD

* In FLOAr ; ET-NUIM, MUM...5kNbOKS I In INTEGEH

* ~TL-.CnMP-.VAL I our SUOL-.ECTUR) V

end CHNL-3-11I,.VUTk.Q I

Figure A-10 Package CHNL_3_ILVOTER (Sheet I of 4)
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ndCaeka' tho~y CHNI,...3-.tL.-flT~i Is

Prcceatirp rmFCK-?L-LA,5II...LAtS :In dnU[,-VLrTfR ;S' T.iUm,
NIIm-5NSUH5 :in INTEGkLR) is

mion

for T;.V)LX In l..pUtJ3flS

cast IL-FLA(j.CfUNT5FT-hUm, INDk.X1 Is
wnen V 2)- -- Nr~

if IL-.FLACS(INIDEA)= AS

.4then TL-FLAC..rOUNTOL~T-MU", INDEX) :z
end if

wnen l..5 => taw- e

It IL-FLAGbjr1NUFX) 2 FALSE

then IL-VLAG..CU1JN?(Sk.T.NUm, INLEX) :z
IL.FLAGeO1rT(SET.NJm, INDEX) + I

I .it It-FLAtaCOUNT(SFT..NUI, INDEX~) >2 S
tnen It,-FLAG-IN5k1.NUM, LNLVX) := FALSE ;

0 ed fL-FOrG..CrUNICSEI-NUMI, INDEX) :a -1;

else IL-f.LAcr..uIINT(5LT-NUM, INDEX) :z vJ
end if r

*MOM -S.*- h,- ealirv

WIf rL..?LAc-.(INLUrA) a ?i4Uj
then IL..FLAG O~iINT(5k.T-A'UP, INDEX)

IL-FLAG-.CIJUN(SETNM, INDEX) -1
It ILF~,CU2bTMA XImD.X) (2 -5

tnen 1L-.ri&AG..IN(SLT-.NUM, INDEX) :a TrPUE
IL..VLAG..COUNTCSET.NIM, INDEX) :2 n;

end It f Ipelse ILFLArUUNT(SET-NU, INDEX) I-

e1nd ifI
Ond CdSO

end loop

%end CmFCVr..IL.kLAC5

Figure A-10 Package CENL-3 IL VOTER (Sheet 2 of 4)
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Procedure 'JUTL II._!t.Sn fm.(UL-oF.vSS :in PEAL-v.ECTiR ; SL.T..AJ4,
NUI4.LNbflkS :In INTFGrb4 ;IL-.SLNSO0..erU out FLUAT) Is V

SLT..RANKTNG :array (1. .4) of 1N1.CER range n..4 ::(0, 0, V, 0)
V :array (1. .4) of FLflAT := (0.0, 0.j, 0).0, tj.pl

TL01PFLnAT :2 U.0

hen mn

NUM-.VuTk.S :z Nh!M-..FNS02WS r
for'T,IOLX in L..NUM..SLNSONS wh~fich Sensors vvtjng%

lopIt IL-UPUUf(F.P(IP4 TNO.X) z F'ALSL
trNer NIJm_.VnTE4 ht~m-vOTi:6- I;
Plse bEIRANKING~iNDFX) :2 iiFA

P n,! I t
ond loop

for Tt~rLY In 1. .NUL..VUrLS -- %hicn valueS Voting

tor f'aNL-.Nt)M in UaOLV.. 4 a

l oop
It CHNL-.NUM SLT..RANKINGkCmNLNUM)

trepn VIWIUEX) ::LLSNS9S(CNL.NUAq)
exit;
end :it

endl loop N
P111 ico)p

case Nl-O~ Is S- ensor 51qnai iotinQ ~
whn0 z>

when 2 =>
1.

It 4zf ( VCk)
tren II-SENSO...4FE :a V(1)

else IL..SLNN-.MED :x V(2)
ond it ;

wnpen 3 1 4 2)

for T in I..P4Um.VUTLS-I
loope

for J In iel..NUm..VOTES .-

1 ppit V(i) )02 V(.J)
a rmen IENP :z 5(1) %

V(i) 12 v(J)

VCJ) :z TCmP I
end If

e nd loop 5

IL-SNSCR-.MFO :z Vt2) 5-

0r.1 case

end VbT...IV.SENSflRS t .

Figure A-10 Package CHNL_3_ILVOTER (Sheet 3 of 4)
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nr-ceaUrp CmK-FA:JLT-.LUrirtlL-.5.UR5 ir, RE&L..VECTUR YL..SENSUR-.MLD
In FLOAT ; ET-mlfm', NUM..SLNbOIS in INJEtFR

rL..CrMP..VA1 Cur PUflL-VrCTQR) is

AA'PL..Lb4!r cotistai't array (1-.5) of FLOAT%
1,2 0.2, 1.25, 1.0, 10.0fl

:: (6, 0, 8, a. 10)

for INDEX In 1.. .',TNUM

loopON
cast lL-C P..CnULNT(SF..N1JM. INDEX) is d
.rnen U => -- Norma4 6

it aos(IL.5NS0i..PFL - IL.SLNSORS(IN0LX)) >z

rmen lL-CUmP-ClUNTt5ET-NIM, INDEX) :=I
end if

Wnen 1.00a )- a~lLeu
It absfL.0:0-MC - IL-.SN0HS(TNDLX)) >=

AMPLI,.lIT(LT,N~JP)
then IL..COP.CnUNT(ST.rUM, INDEX) :a

jL0~p..ClUmTd?..Twhiif, ltDEX) q. 1I
it 1L..CflIqp.Cut1NT(SkT-.NUP4, INUFIX) )1 P4AA..CTkSLT.Nu~jA
then !L..Cflmp..UTCSir.NUM, INDEX) FALSt;'-

IL..COMP..CC,I(SE..NUI, INUEX) 17 1

end It i
else lL-CUMP-C0UNT(bE..NIP4. INDEX) :z n .- Recoveringj
end it

when 17 z> -- alJea
null;

end Case
TL-.ChP..VAL(INnEX) :2 TL..Cnm~P.OUT(SET..NUm, INUEA) or

IL-LAGINSET-tUm, INDEX);
end loop.

end CMVFAI1r..LOi'1C ;

end CRNL.. !'..VUTEP ; A

ft

Figure A-10 Package CHNL_3_IL VOTER (Sheet 4 of 4)
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Ald vroced ;re CALr-7N U-t~e
wltn UjFC5_.LwGIC :use DCr...Lni~zc

wirn DFCS..PLSLUUCES o se rC5-.Rb0iRCES

with iL-L~u'KCES use !L-hkEOURCES I*

with vilEING-PLANES ose VOiNG..kLANES I*

vrocedure CAIt.C.INNFHIC..)flP-V3 is

type SCHE~UU6E is (HIGH, Mit0 Lfl.)

P-.RATL..MFD, AVG..AOA..MFU, AnA..HP,
TAS..MLD, VL-fL..rA,

K-I(STCK, I(.ALPHA. -- A,

7LSABCO OL..SrA.CMUL, T0-. :-M FLOAT %

SrE L.o SCHiLU ;

TAS-.VAUDOITY BOOLEAN

-- Coliversions

0-.S.TTCV...QD :2 vLflAT(IL-.rFL...VbP-STlCK);

P-DATL-AEUL :z FLnAT(TL.MFO-.V3.P-kATE)
AV-.AJA..Akt :2 FLOAT(TL rfL-.V3.AUA-.DISkFL)

TASMKU :z FLflA?(1L-FU-V3.TH-AIk5PEED);
TASVACOLT ;=rL..Cnrxp.V.tAS..V4Lel) and

it 2A4-..ALlIUTkY 2TkUb. -. ain ScflerAu11ny

tnen Itf IAS..MU >= 4bn.0
th'en SOLEi. :z HICj(4

elsit T45-EO (2 tun.a
then SPEFO tz LUiW;
else SP.EU :2 "lbI
end if

else SPCEbj HI NGH
end It
case 5PE~o is

whenl LUW 2>

K-.ALPHA O2L.15 I
K~e~~lt:a .2

vshen MIU =>

K-STIK :z0.50- OL..TAS * DEL..K..SLCN
(..ALFHA :20.U5~ - Dt...TAS 0 DEL-..ALP1A !

iK,.iATF ::0.10 - nILTAS o DLL-K-PPA

when HIGH 2>

K-S.T1CK :2 0.1

end cast .~T : .

Figure A-11 Procedure CALCINNER LOOP V3 (Sheet 1lof 2) .
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.

If dS(P-TICKMFU) k=M~nbStiC Bl-..P

frimn PSTICA-1F4. 0.

on'l It

It &s(CP5TlV-m~) <=O.-
trienCP-SICK-mD 0.
end It
TLT-%TIC := -jTIK-MF + C-S.4K...

it abSCPTTICKM~) 12 .5 -5I 8el±~

?flen pCIt .M7 0LT5IC .0

end Ift

Lnd it 

%;i

Prnd It -

Auh..Hk :2 AUAI-h*AVG-.A0A-MELD + A0AImlnL0-AVG-A'..A--tn

-A0A0-KM$OLDAUA-IHrV

-Inner Loop i-ontrol

IL..STAB.CMn ;M P...ATF..mLD * I(..P-.ATE~ AOA...uP * I(.ALPHA-
TOT..5TICh * K..S~rCK

It M11UE...rwC.V3.AUTCPILnT = AUTOLANI) -- Outgr Loop Summing

tnen GL..STAb-.CMU :z - 0.3b 9FLUAT(AUTOLAND.CMD.V3) .r

Plse W,-S.TAb..CMD :2 0. r

enel It ; 4..

TUT..STAB-.CmU := TL-S.TAR..CM0 n L-STAS..CMD
It TOT-.STAb..CmU 1.0 .

trien TO?..STAb-.CMD :=1.0
esi TOT..SIAB.CML) < -8.0

r nslf TOT..SlAd-.CMU : -b.0
end it
srAb.sIERVO_.Cm0..V3 :=STA8..CUmMAt1(TUT.STAd-Cul)) : -owrpuc

Ch,..3.ACHK..NUM := b %

XLHK-YNCnI-4

Pnd CALC-14~NFN..Lr3OP..V3

Figure A-11 Procedure CALCINNERLOOPV3 (Sheet 2 of 2)
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Packae I-RESORCL

---- ---- ---- ----

cdrK~e TL-F60UPE5 i

ntl- -SfCK :rontantFLUI 0./35 .0

!"tL k-ALHA :rorsarEfLUA 0.1 350. ;

r-ELK-P-ATE euntan e% ~l 01/3b*5

-- ~~~~~~~ ~ ~ ~ ~ Anl-fAtc 5o-%sFlerCetcet

A0AI-K~~~~. : osat8(.(/~ .

CdnKA TL - 3(hPCFS15 .

%

Mvi~~p-o~~-Att~~c~ 41 %-'.sFle of~i't
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V--



it!n C'4AN-%SL-kEIS'1uRCF5 .4se CAJN~i.-F5URME
with VOTTNG-.PLANES ;4se ofl1rN(..PLAsEb
seoardte(OC..L6JGIri
ProcPdoro &A. SS-. YbTE*.V3 is

CqPTR..CT INTLGk.A range~ 1~.. .

?A5..rT ,INTLGER rangje I..d n~ :

CU01ROOLFAN FALSE;

4/ It Cw~t...SIAT';S...I = .- C" L,.U StdtJS

tnen CMP1N-.. : I
enI It;

It CHNL-5S1ATUb-12 z TrhIlL
rr~e CmPTN.C1 : CdkVTK-.CT * I

If C
4
NI..S rAT~z..V1 z H

trPfl LvPTm-CT := CmP1~k-CT *
% P.jel I It ; 4

it CWN?...5rhTu5- 4 zTNI)Lk .1
trner, CAPTR-CT := CMPTH..C! # I d
end it

far INDOX In 1..4

loop

then rp_$?I'I? := CP..STK-.CT # I

tra If
it TLCfPVJ.V-TVAL (IMUA) a 3

tmer P-STK-rT 33 P-SKC + I ;

enO 10 1
If 1L..CflmP...Y.LF..UA..VAI (IDkX) x T~utF dfl

T6CnP.vj.R..AGA.VAL(TftDLX) x TOIJF
Ene, IAA.CT :a ArOA..C! I 4

4 era if
if !Nn'EX <= 1 Onu th~en

TL..ChniP-.V.hAFVAHIrNcLx) TPUF
tnem PRATL-CT :a r-AFC # I;
emo~ If
if TNDLX <z 2 &I'o tmieI

I6Cn4PVj4 Ab..VAL(1NUFX) TPUE
he'TAs..(T 1z rAS..C?

end :oo I .,

A-3



I. e-kAv*-.ct i and IAsLr 2 -- Fbe w Status

tnen 1,n-.ON -a FAVaF I 23ad PSh~> )
If ACA..CT z4 ano (-mPrw..cT z4 And

(r-SK- 2 4 or else p..STK_.CT 4 or 04se

tnen kBW-.STATUS-V3: Cv-1,TATL..l ;
elsit AOA..C! 2 3 dna CMP1R..CT >= 3 dmd

(P-ST..CT >= 3 or else CP-LK-C 3 or else v1.
4.P-.SrK.rr >= 2 ono CP-.STK..CT 11=2)1

Chen FRO-.STAUS..V3 := n15A-

elstt AOA..CT >x 3 and CMPH..C'r a I and
(P-..TW-.CT >= 3 or else CP-S.TK-.CT >: or te 5 V

LP..STV..CT >g 2 3no CP..STA-.CT >22)) -

th~en rAe..,&TATUS-.V3 := i...aTATE-1 ;
ehilt AOlA-CT )- 3 and L"P~e..CT 'I 3 Ornd

tUPSTK-.C? 2 3 iflo CP-STKCT <2 1) or else
(reSTKCT 3 ama P-STKCT <= 1) mr else
(P-ST-Cl 2 dna CP-bTh-cT z2))

then FPm-b.TATrLJS. :2 OP-.STATE.2

else (&C-CN ;= TkUk.

end if ;

end It ; Ww

If G : R F.
tnen I1? LAUA-rT a 2 and Cmi-Tt..CT >= j a nd *.%

(P-.STK..CT > 2 or rp. TK..CT >= 2)) or

cAuA-CT >2 2 dno CAPTP-CT =2 and
(P-5TV-'T >2 2 or rP-bTK-CT >2 2)) or *
(AUA-CT >= 2 and CmPTP-CT >= 2 and
((P-STr.-CT z 2 anu then CP-STYCT <= I) ut

(P-5TK-rT (2 I and then CP-STK-CT a d))

th~en kA*-TATU..Vj OF-Q.TATk...3
*Ise F~...bTATIJS.V3 aO.P..STATE-4
end It

end It

case FB*-...TUA-.V3 is -- CreCK Fjvlng Wuahlty

anen uP-SrArE-1 I nP-b..TALa2>
ILY-..UAL..V3 :2 NUPMAL

anen UP..SIAIF-.3 I OF-STATL.4 le5

It P-k.ATFX.CT )2 2 and AJ)A~.I >z 2 and

IAS..CT 2 7 Aa CP..STN..CT >g 2 Or CeQK . >z i)

then FLY-GUAL-V3 :2 NGPmAL
hIt~ CP-PATL.CT 4a I or TAS-.CT 4= 1) and

AnA-CT >= 2 anm (P-TK-CT >a 2 of SI051KCi >= 2)
tnefl t1..-JUAL..V3 :2 DLrhIALF.,P;
eisit i...iATF..CT >m 2 ana AQA-.Cr 4z I and

(D..STK-CT >9 2 or LP..STM.Ct >c 7)

then FLY-U(UAL..V3 :2 4ARIJ1NAL
else FLY-UAL-.V3 :x U,,7LYhBa..
emo it

end ce

ChLJ-ACHK-.NJP t 7
XCHK..SYhf7M-3

end AbS6S3..SY5TIE..V3 j

Figure A-13 ProcedureASSESSSYSTEMV3 (Sheet 2 of 2)
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"I'm OmT!I.r-.PLANFVS I Use VuTN(-Pt A'-A
wltn .ANING-CHLI-KS OSO WARNTItr_.ChFCKS
sendrrt( uFCS..L~jrC)
ormce,;ure 1VL-w.AIHNINt,-V3 Is .P

bealn

it AL-N.AN-V3 <z CAT-.2-114UP
'en WAPN-V3.AJrCIAN() AL..WAPh..V3 I wev fa. ~ult

NU'4..FAULTS I
FLASHd..wARNtrh..V 2 -- K.

wnrn C)P-STATF-2 )>
WA~h-3.FLY-Pi...iF LJP-STATF-2Ne .?l
VLAS4wANYNr-.V3 bLI~N(TN
VUM..PAULTS lINFFkIS1CC(4jdr1LT)

wn~fl UP..STATF_.1 %>
WAPN.v3.FLY-.R..

4.rkE LP..STATF-3 -- Neb kavlt
FLAS..WAPhI~r..V3 :z bLINKTNG:
NUM.AIILTb Z INtlFF'S1TCC0NUm-jULTb)iz

4non UP..S1AFl-.4 =>
WA~--V.FY-R-okF 2 P-STAr%..4 -. ilea Faulr.

FLASH-.wAPNThr-.Vj :z bLINKZnr;
wUP-FAIILTS 2 INIEGFR'SUCrLNUa4.jAU6T%)

It FLY..aLAL-.v3 <= DEG.RAV~n
th~en *APN..V3.FLYIN~CUQ.L :z LWPAIRLnFwp -- pu l

PdumFt.AULTS ta I4TEGVRS1ICC(NU..VAUe?) :
FLASH..wARhlhr-V3 !a BLINKdING

eno it ;

If ACVK.C*L~nG
then FLAZ)H-wARkTNr..V1 :z STEADY - Fd~lt(s) Notpo
en3 It I
UPUATV..5TTJStAT,WAP7,-V) IRI..STATJS..Vj, FLY.OUA....v,

wARN-V.j rLA H-WAPNINr-Vi) %
omen STt.ADY =>

6PuAT-STATUS(A1IwAP-v3, k@*-SATUSV3, FLY..CUS&L-.3,
.AkN..Vi, rLA3M..WARNINr-VJ)

end cdse;

rRNLJ-ACHX--'JP := b
7 -- 

y.r- Call for N-Verblon Vote

tn,! rlVL-ok..I 4Cr-V1

Figure A-14 Procedure GIVEWARNINGV3 
-'
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PdCKAJ- WARNThr-rlFC1KS

witrn DCS...IAGIC Use LIFCS-.LUGIC
nacxaIye WARhrNG..CMfCKS 15

*JU4..YAOLTS TNTLkG~R range 0..j 0

nrocpuure UPDATL..)ATJSkAL-*.&NN..3: in A1,_5Lj1,I: Fa-ljL-3

out MASI~jn-*Af"Nj

06Cagae body %ARNdING-.CHECKS is

orocA.,irp 1 nrATE-.5TATu1(AL...AhN.v.: in AL..S-ATUS; Fbw-5.S1t~a-v3: 6r

* ~in out WAMN14dr,-SiATL i FLASh-*4kNNN.-.Vh out M4ASTLR-.WAPN) is
heo in

It OAPN-..V.AUTULANC) FLA4K and tnen
A L-*A.NV3 4Z CAT..2..IUP

*ther' rLftHWAANTNGVj : bLINKTNC :P.ta.fL.
Nu"-FkhULTS : 1N1FtFRS11CC(NUM-FAULT5)

eli AkN-V3.A'TLA14n <4 C&T-2-..I4UP dnU tiner
AL...AI.,V3 x b LANI

*thNen WAR,...43.AUTULAMO : bl.APNK : fnn Fault 'Heajej
,u

3 .. rAULT5 :x INTE(FWPRLD(Nuo-.rAULTS)
ft &AtJM..FhT7 2 0
tnen ?LA5N...AHqNiNtV3 :z UVF F- All paAt ea~i.Q

ni Ii

.. It OA NV3.FLY..NY..PIK bi bANN and Linen
FowSIATIS.vl =UP-.STAIF-2.

thetn 3ARNO.FLY-Y-wIX : UP..SIAT!..Z he . eailt~A.~NN(!z bf 11'1Tr ;
Nu4.FAtLTS :a 1%TF4FK*51CC(NUM-.ULi)

e3~it 4&kN-J3FLI bYWIPL '-a (JP.STATF-..2 and thnen
FomS r'ls..3 :OP..STATF..3

Lmen Ak1-3PL-YwN :2 LUP.STATE-.3
rr~lM:z4 oLiINAThr;

els't -Ah%'-v.FLiOY..RL )= OP.STATF-.3 ar'o thn
Fo-5TAUS-3 UP..STATE..4

Line- *AON-3.LY-8Y-aitF :z P..STITF-.4
FLALHOAP141.X-.V3 : BLimP~b 1t
*.,w..yAULTS :a LNTFGEk'b1CC(NUm-F;.,LT5)

e W Figure A-15 Package WARNT1NGCEECKS (Sheet 1 of 2)
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Lle case FnaSTATUiS-V3 is

wren UP..STATE-.1 x>
.NV3.FL..YS..WIRL BLANK -- One Fault H4ealed

N114.FULTS TMTLGER'PHFD(NUP4-FAULTS);

I f F'UM-.FAULTS s0
then FLASM.WAPNINc..V3 OFF - All Faults Hedlea

end if.
whnf CP..STATE..2 x>

If iuAWN.V3.FLY-R..aXAIH UP-.STATF..3
then AAPN-.A'.FLY-.!Y-.w1H! : OP..STATE-.2
eni it
if WARNV3.LY-RY-wThRF x uP_..5rTr.4
them 4ARN-.V3LY-9Y-w..tRE tzUP.STArE-.2:
end If I

As when UP..STAT...3 =>
If WARN-V3.FLY..Ri...TtF 2 z 51T-

v en it:
wnen LP-STATIX4 z>

rull

*1If WARNVI.FLYIMu..UAL bt.ANKI and tnen

FLY-.OUAL-.V3 <= UFP(CPAflLf

:m'en FLASH-wJARtVZA~.VJ :x bLIP.n k~lt

VUMFALT3 INEF'UCNmF1L5

elsif a N.V3.FLY1NG-..UAL <= IPr& hO...FQ and th~en
FLY-OUAL-43 UNnFSMAL

Lnef, WAPN-.V3.FLiY1Pd(...UAL ix bLA4A On- re Fault Healed

*MUm-FALLTS 1NPTTCFH4PRD(NUM-F.AUL?S)
It hI'14.FAuLTS 0

tnen FLASH..wAkMiNL....3 :z UFF - All FauJL~S Heaea

f end 11
e~u It .

end UPPATL.STATUS;

Figur A-1 PackageCK WANN-HCS(he f2
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